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.ADVERTISEMENT. 



The design of thuUitde book is to afford a facilitjr to the introdae- 
tion of Natural Philosophy into common schoobi which haa not 
heretofore existed in our country. 

The treatises on this subject already published, are mther too large 
and expensive for general admission m country schools, or if other- 
wise, the matter which they contain is not rendered sufficiently aim- 
pld and attractive for this purpose. 

The treatise now offered the public, is an attempt to supply this 
deficiency in the series of American school books. 

The distinct sciences, the elements of which are here explained, 
are Mechanics, Hydrostatics, Hydraulics, Pneumatics, Acoustics, 
Optics and Electricity ; each being illustrated by numerous dia- 
grams, and it is hoped made as plain, and easily understood as the 
nature of the cases will allow. 

The propriety and advantage of introducing these subjects as a 
branch of common education will not, it is believed, be denied by 
any intelliffeot teacher; or by any parent who desires that his child 
may be able to understand and explain, many of the every-day oc- 
currences of life, and the common phenomena of nature. 

The want of this kind of knowledge is indeed regretted by every 
intelligent, uneducated person in himself; for such persons every 
day observe facts, which though mysterious to themselves, they 
know are readily explained by those who have even but a slight 
knowledge of Natural Philosophy. 

Yet, notwithstanding our advancement in the soond principles of 
education, it is now quite common to see pupils at school, who, 
though they are able to recite the names of every tributary to the 
Mississippi, and the succession of every bav from Boston to New 
Orleans, are still unable to tell the reason why a lever assists in rais- 
ing a weight ; — why a pump draws up the water from the well, or 
even which way the earth on which they Uve turns, whether from 
west to east or east to west. 

Hartford, Conn. Ou, 1837. 
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NATURAL PHILOSOPHY. 



DEFINITIONS. 



Natural Philosophy is the science which explains the 
laws by which all moving bodies are governed. 

Fig. 1. 




A ball, for instance, shot from a cannon, does not fly 
in a straight line, but forms a curve by fcdling towards the 
earth. (Fig. 1.) The reason why the ball falls, and the 
form of the curve it makes, is explained by Natural Phi- 
losophy. 

A Science is any branch of human knowledge, which 
I » ' 11 II I III 11 

What is natural philosophy ? 
How is it illustrated 1 
What is a science? 

2 



10 NATURAL PHILOSOPBT. 

can be so arranged as to form a regular system ; as Bota- 
ny, Chemistry, and the several parts of Natural Philoso- 
phy. 

System is the arrangement, or combination of the dif- 
ferent parts of any subject, so as to make it more easily 
understood. 

Arithmetic, as an example, is divided into Addition, 
Subtraction, Multiplication and Division, each part being 
studied by itself, and each assisting the learner to under- 
stand the other. This is system ; and it is obvious that 
without some such arrangement. Arithmetic could not be 
easily learned. 

The term law is used in I^atural Philosophy, to signi- 
fy the manner or mode in which natural powers act. 

Gravity or weight, for instcmce, is a natural power, 
and a universal law of its operation is to bring all eleva- 
ted bodies towards the earth. 

A body is any substance, of which we can gain a 
knowledge by our senses, as air, water or earth. The 
word is most commonly applied to a collection of any 
kind of matter in a distinct, or separate form. Every 
body consists of particles, or masses, existing together. 
Thus a body of water, rock, or earth, is made up of an 
infinite number of small particles. 



Whatscienees are mentioned as examples ? 

What is system? 

What subject is given as an example of a system ? " 

What does the term law siffuify 7 

What is a body 7 Of what is eveiy body composed 7 
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The word particle^ means the smallest parts, or por^ 
tions, of which a body is composed, and into which it 
maj be divided by mechanical means, as by pounding or 
grinding. 

ESSENTIAL PROPERTIES. 

There are certain properties which are common to all 
bodies, and which are called essential pro^ertieB. These 
are Extension^ Figure^ Divisibility^ Inertia and Attrac" 
tion. 

Extension, 

By Extension it is meant, that every body must be 
more or less extended, or that it must have length, 
breadth and thickness. These properties belong equally 
to the smaUest as well as to the largest bodies. Thus a 
block of wood of a foot in extent, may be sawn into 
hundreds of smaller blocks, each of which would have 
sufficient length, breadth and thickness to be accurately 
measured. But suppose these little blocks to be again 
divided, these properties would not therefore be destroy- 
ed, but only lessened in degree, and the same would hold 
true, though they should be divided again and again. 
The smallest grain of sand has length, breadth and 
thickness. 



What are the essential properties of bodies 7 

What is meant by extension ? 

Is extension destroyed by division ? Why 7 
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Figure. 

Figure or Form relates to the shape of a solid body. 
It may be considered as tihe result of extension, for we 
cannot think of a solid, without connecting with it some 
idea of its form. Some natural bodies always have the 
same forms, as the seeds of plants, and certain crystals. 
A perfect crystal of rock salt, or of alum, always has the 
same form. Fluids have no forms of their own, but as- 
sume the shapes of the vessels in which they are placed. 

Divisibility. 

By this property it is meant, that any solid may be di- 
vided into parts, cmd that these parts may again be divi- 
ded into smaller parts, and so on without limitation. 
Thus a piece of chalk, or marble, may be divided by 
pounding, or otherwise, into particles so small as not in- 
dividually to be distinguished by the naked eye. 

We do not, however, by this means reduce the parti- 
cles of matter to their ultimate, or elementcuy state, since 
the smallest particle of a broken soUd, when magnified 
by the microscope, is found still to be a mass composed 
of many smaller particles. 

The elementary particles of matter can only be sepa- 
rated &om each other by solution, or by dissolving them 



To what does figure or form relate 7 
What is form the result of ? 
What is meant by divisibility 7 
Ho\v is this property illustrated 7 

Can we reduce matter to its elementary state by pounding 7 
How may the elementary particles of matter, be separated from 
each other 7 
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in a fluid. By such means it is found that these particles 
are so small, as to be inidsible, even when our eyes are 
assisted by the best glasses. We cannot discover the 
particles of salt, or white sugar, when these are dissol- 
ved in water. 

The extreme minuteness of the particles of matter 
may be inferred from many circumstances. Thus if we 
dissolve a small lump of common salt in several gallons 
of water, every drop of the water will contain some pcu*- 
ticles of the salt, as is known by the taste. A grain of 
blue vitriol, or of c€u*mine, will tinge a gallon or two of 
water, so that in every drop, the color may be distin- 
guished. A grain of musk will scent a room for twenty ' 
years, and still lose little of its weight. 

Now the particles of the musk must be constantly 
floating in every portion of the air of the room, during 
the whole time, otherwise its odor could not be perceived. 

It has been estimated that a quantity of spider's web, 
weighing a quarter of an ounce, would reach from Lon- 
don to Edinburgh, a distance of 400 miles. 

In stagnant water, or in water in which certain vegeta- 
bles have been infused, the microscope discovers animals 
so small, that it would require thousands of them to make 



How is the extreme minoteness of the elementary particles of mat- 
ter inferred 1 

How is it known that the particles of musk pervade everj part of 
the room? 

What is said of the weight and length of the spider's web ? 

What is said of the minuteness of some animus 7 
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the btdk of a grain of sand, and yet these animals have 

hearts and blood vessels like oth^ animals. We can 

conceive of no other purpose foi^ which such animals 

were created, than ^atthey might enjoy the {Measure of 

enstence. 

Inertia^ 

This word means want of power, and is applied to 
that property in dead matter, which renders it incapable 
of moving itself, or of bringing itself to rest when set in 
motion* 

We need not spend time in showing that matter of it- 
self is incapable <^ motion. Every one knows that rocks 
and stones never changed their positions with respect to 
other things, unless moved by some e:ttemal force. Now 
it is equally true, that dead substances have no more 
power to bring themselves to rest, when set in motion* 
than they have to set themselves in motion, when at rest 
It is plain that a ball shot out of a cannon, is incapable 
of making any exertion to stop itself, or to change its di- 
rection. Matter is, therefore, alike powerless and inert, 
both as to motion and rest. A cannon ball, consequent- 
ly, when once thrown into motion would always continue 
to move, and having no power to change its course, would 
move forward in a straight line, unless some external 
force impeded its velocity, or altered its direction. 



What does the tdrm uuHia mean f 

What ii said of motion and rest, when applied to dead matter? 
Sappose a cannon ball in motion, how long would it continue to 
move, and in what direction, were there no opposing forces? 
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The reason, therefore, why a cannon ball, or other 
projectile, falls to the ground and ceases to move, is not 
because it has power to stop itself, but because its veloci- 
ty is constantly resisted by the atmosphere, and because 
it is turned out of a straight course, and made to describe 
a curved line, by the power of gravity, which perpetual- 
ly draws it towards the earth. 

These two causes operating continually on every body, 
set in motion through tibe air, soon bring them to rest, 
on the surface of the earth. 

In books of science this inability with respect both to 
rest and motion is called inertia, ^ 

The properties thus named and described are called 
essential^ or inherent properties, because they belong to 
every kind and condition of matter. No body exists, nor 
can we conceive of its existence, without the attending 
properties of Extension, Figure, and Divisibility ; nor is 
it^ more easy to conceive that mere matter can, by any 
power of its own, either move, or stop itself when in mo- 
tion. 

Attraction, 

Attraction is another property which pervades all ma- 
terial substances. 

By this term is meant, that property which makes all 
bodies move, or tend to move, towards each other. 



What are the forces which bring projectilea to rest ? 

Why are the properties described, called essential properties ? 

What is attraction ? 



16 NATURAL PHIL080PHT. 

Attraction is of several kinds, depending on its effects, 
or the conditions under which it takes place. 

Attraction of cohesUm is that force which brings the 
particles of the same kind of matter into contact with 
each other, and keeps them together to form masses. 

Attraction of gravitation is that power by which masses 
are forced towards each other, though at a distance- 
This property is universal. 

Chemical attraction brings the particles of different 
kinds of substances to unite and form compounds. 

Magnetic attraction causes the magnetic needle to 
point continuallj towards the north. 

The attraction of cohesion acts only at yery short dis" 
tances, or where the particles of bodies seem to touch 
each other. All substances which exist in masses, as 
the metals and stones, are kept together by this attraction. 

If the clean surfaces of two pieces of metal be brought 

into close contact, they will adhere with considerable 

force. 

Fig. 2. 




Take two pieces of lead of a round form, (Fig. 2,) 



What ia meant by attraction of cohesion ? 

What by attraction of gravitation ? 

What by chemical attraction 7 

What by magnetic attraction t 

What experiment will ihow the force of coheiion ? 
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and haying flattened one end of each, make through 
them ejerholes for strings as represented by the figure. 
Having made the two faces ai^ smooth as possible by cut- 
ting them with a sharp knife, bring them together with a 
shght turning pressure, and they will cohere (if half an 
inch in diameter) with so much force, that two boys, 
pulling at the strings, cannot separate them. 

Polished surfaces, as those of glass or marble, ^will 
also cohere with considerable force when made perfectly 
clean, and placed in contact. 

Fresh cut surfaces of India rubber cohere with nearly 
their original force, when strongly pressed together. 

The solidity of bodies depends on this kind of attrac- 
tion, and hence it is wanting in air, and acts with little 
force in water and other fluids. 

Attraction of gravitation. It is by the force of this 
attraction, that bodies at a distance approach each other. 
It is mutual, that is, each individual mass attracts all 
other masses, and is itself attracted by all others. 
^ If two cannon balls be suspended near together by long 
cords, they will attract each other, so that the cords will 
not be parallel, but will approach each other at their 
lower ends. 

The effects of this attraction may be observed in the 
most common occurrences. 



What IB said of the cohesion of glass and marble 7 

What property of bodies depends on this kind of attraction 7 

What makes the attraction of gravitation mutual 7 
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The wreck of a sliip, in smooth water, after a storm, 
does not lie here and there, on the surface, but the pieces 
are collected into heaps, or rafts ; and chips, leaves, and 
fine wood, floating down a river, may often be seen col- 
lected together in the same manner. 

This principle may be illustrated by means of a dish 
of water and some small pieces of cof^k or wood. If a 
dozen such pieces be placed in the centre of the dish at 
a little distcuice apart, they will be seen to approach each 
other, with constantly increased motion, until they meet, 
after which the whole will move towards the nearest side 
of the dish. 

A boat fastened by a rope, or a ship anchored at a 
small distance from the shore, when there is neither 
wind nor tide, will always swing towards the land, for 
the same reason. 

The force of the attraction of gravitation is propor- 
tionate to the quantity of matter the mass contains, or to 
its weight. Thus if a square foot of lead weighs twelve 
times as much as a square foot of cork, then the attrac- 
tion of the lead would be twelve times as much as that of 
the cork. 

The force of attraction is inversely as the squares of 
the distances between the two bodies. That is, in propor- 

How may attraction be illustrated by means of a dish of water, and 

some pieces of cork'' 
Why does a boat, fastened in still water, swin^ towards the land ? 
What proportion does attraction bear to (quantity of matter ? 
What proportion does this force bear to distances 1 
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tion as the square of the distance ino'eases, in the same 
proportion the force decreases. 



a 



E 




Thus, supposing that a is distant from h 2 feet, and 
that the attracting force is equal to 4 pounds ; then at 
the distance of 4 feet, or at c, the force would be only 1 
pound, for the square of 2 is 4, and the square of 4 is 
16, which is 4 times the square of 2. 

The effect of this law may be observed in the mo- 
tions of the pieces of cork in the dish of water. When 
they are a few inches apart, they approach each other 
with amotion which is hardly perceptible, but which is 
gradually increased, as the distance diminishes, until 
they rush together with considerable velocity. 

The force of gravitation is estimated according to the 
distances of the centres of bodies from each other, and 
not in proportion to the distances of their surfaces. It 
is the effect of this force which we call weighty and 
which therefore increases, as we approach the centre of 
the earth, and diminishes as we recede from it. Thus a 
mass of lead which weighs a pound on a hill pf mode- 
rate elevation, weighs less on a high mountain, and more 
in a deep valley. This is not a matter of theory, but is 

What 18 the law of gravitating force, with respect to distaneoB ? 
How may the effects of this law be illustrated 7 
From what parts of a body is its gravitating force estimated 7 
What it the common name for the force of grayitattonT 
Will the same mass of lead weigh the same every where 7 
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found every where to be the case, on making the experi- 
ment. 

The power of gravitation affects all material substan- 
ces, and reaches from one planet to another. We shall 
see in another place, that it is this power which keeps 
the planets in their orbits, and causes them to revolve 
around each other. 

Chemical attraction. — ^While the attraction of gravi- 
tation is universal, affecting all material masses at what- 
ever distances they maj be from each other, chemical 
attraction is confined to particular substances, taking 
place only between their particles, and this at insensible 
distsmces. 

The effect of chemical attraction is to unite the atoms 
of two or more distinct substances into one perfect com- 
pound. 

It is found by experiment that many substances have 
no chemical attraction for each other, and therefore can- 
not be made to unite and form compounds. While 
others combine with much avidity, their union being at- 
tended with various degrees of commotion, called chemi- 
cal action. > 

Chemical attraction is also called affinity^ and where, 
on presenting two substances to each other, no action is 
produced, they are said to have no affinity to each other. 

What kind of attractioD affects all material substancei? 
Are the effects of chemical attraction universal or not ? 
What are the effects of this attraction on the atoms of bodies? 
What other luuue h&i chemical attraction 7 
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In genera], the exercise of affinity requires that one 
or both the substances should be in a liquid state. 

The detail of this subject properly belongs to Chem- 
istry, an illustration or two being all that this subject here 
requires. 

We have said that affinity exists only between certain 
substances. Thus on mixing oil and water no union is 
effected, because no affinity exists between them, but on 
mixing an alkali, as potash, and an acid, as vinegar, a 
strong chemical action is produced, and a new com- 
pound is formed. If sulphuric acid and gold be thrown 
together no action takes place for want of affinity, but if 
copper be thrown in, instead of gold, a violent action 
commences, the copper is dissolved, and a beautiful blue 
salt, called blue vitriol^ is formed. 

Magnetic attraction. — This is that power by which 
the magnetic needle is kept in the direction of north and 
south. There are certain ores of iron which possess this 
natural property, and which being suspended by a thread, 
one side will invariably turn towards the north. This is 
called a loadstone. "By touching a piece of steel with the 
loadstone, an artificial magnet is formed, which has the 



What conditions are necessary for the exercise of affiniXy 1 

To what science does the detail of this sabject belong ? 

Why will not oil and water anite? 

What is said of the combination of alkalies and acids ? 

What is magnetic attraction 7 

What is the loadstone 7 

How are artificial magnets made 7 
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same directive power, in a more convenient shape. It is 
by means of such a needle suspended in a box, that the 
manner's compass is formed, and ^y which seamen 
direct their ships through the pathless ocean. 

There are only two other metals besides iron, which 
are susceptible of magnetic attraction. These are cobalt 
and nickel. 

Electrical attraction, — ^When a glass tube, or a piece 
of sealing wax, is rubbed with the dry hand, or a piece 
of woolen cloth, it acquires the power of attracting small 
light bodies, as bits of paper, straws, or films of cotton. 
This influence is called electrical attraction. (See 
Electricity,) 

The universal or essential properties of bodies thus 
described and illustrated, are Extension^ Figure^ Divis- 
ibUiti/^ Inertia and Attraction, 

Attraction is of several kinds. That called gravitation 
is a universal principle, and belongs to all material sub- 
stances. 

Chemical attraction, cohesive attraction, magnetic at- 
traction, and electricity are not universal properties, but 
are found to exist only in pecuhar substances. 



How is the mariner's compass made 7 

What are the metals which possess magnetic powers ? 

What is electrical attraction ? 

What essential properties hare been described 7 

What are the properties described, which are not nniversal 7 
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Besides these properties there are others to be exa- 
mined, which fall more immediately under our daily ob* 
senrations, and which, therefore, may be called common 
properties, though only possessed by particular substan- 
ces. These are Hardness^ Srittleness^ Tenacity^ S^c. 

Hardness. 

This property every one has obserred, as it belongs to 
a great variety of substances, and is under common ob- 
servation. It is that property which resists the impress- 
ions of other substances. It is the quality opposite to 
softness. 

Hardness is not in proportion to the weight or density 
of a body, but in proportion to the firmness with which 
the particles of any substance, hold their places among 
each other. Thus lead is much more dense or heavy 
than glass, but glass is harder than lead. Diamond, 
the hardest of all substances, is four times lighter than 
gold, which is easily scratched with a knife. 

Density, 

This property refers to the compactness of bodies, or 
to the number of solid particles which exist in a given 
space. Thus the most weighty body of a given size, has 
the greatest density. We have just seen that density has 



What are lome of the common properties of bodies? 

What is meant hj hardness ? 

What is the quality opposite to this? 

On what does the hardness of a substance depend f 

What is meant by density ? 

On what does density depend ? 
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HO relation to hardness, bjit that these properties are en- 
tirelj distinct. Mercury is a fluid which may be poured 
from one vessel to another, like water, and still it is 
nearly four times as heavy as the diamond, which cuts 
glass, and scratches the hardest steel. Rarity is the 
property, or quahty, opposite to density, and means that 
a substance is light, thin, or porous. Thus ether and air 
are nure^ while gold and mercury are dense bodies. 

Elasticity. 

Elasticity is that property in bodies, by which, after 
being forcibly compressed or bent, they regain their ori- 
ginal form or positions, when the force is removed. 

Most hard bodies are elastic, as steel, ivory and glass. 

A steel sword-blade may be bent nearly double with- 
out breaking. 

An ivory ball dropped upon a hard surface, as a mar- 
ble slab, rebounds nearly to the height whence it was let 
fall. The ball, when it strikes the slab, is flattened, and 
springs into the air in consequence of regaining its ori- 
ginal form. 

Glass, when drawn into fine threads, becomes as elas- 
tic as steel wire. 



What is the hardest of all substances? 

What is the quality opposite to density ? 

What is meant by rarity ? 

What is elasticity ? 

What examples of elasticity among hard bodies are given ? 
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Among soft bodies, some are elastic, and others not. 
India rubber possesses this property in a high degree, and 
hence is employed among boys for playing-balls, and by 
others, to form certain springs which require great elas- 
ticity. 

Putty, dough, and balls of wet clay, are examples of 
inehisticity. These, on being thrown on a hard surface, 
are flattened, but do not regain their original forms, and 
hence do not rebound. 

The liquids such as water and oil, are nearly inelastic, 
while air, and the gfiseous fluids, are the most elastic of 
all bodies. 

Brittlencss, 

This is the quality which renders substances easily 
broken, and is chiefly confined to hard bodies. 

It is not entirely opposed to elasticity, since some sub- 
stances, as glass, possess both of these properties. In 
most instances however, these properties do not exist to- 
gether. Steel, when hardened, becomes very brittle. 
Brittleness therefore is a quality, which, with regard to 
certain substances, may be communicated and withdrawn 
at pleasure. Iron, steel, brass, copper, and platina, if 

■ ■ ■ 

What are examples of elasticity and inelasticity among soA bodies t 

What is said of the elasticity of liquids ? 

What is brittleness ? 

Is this qaalitj opposed to elasticity or not? 

3 
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heated, and slowly cooled^ are elastic, and not easily 
broken, while if cooled suddenly, by being plunged into 
water, or quicksilver, they lose their elasticity, and are 
easily broken. 

Malleability, 

This is the property which renders metals capable of 
being drawn under the hammer, or rolling press. It be- 
longs to some metals in an eminent degree, but to others 
not at all. It is a quality which is of vast importance to 
the arts and comforts of life. . 

Gold is the most malleable of all the metals. It may 
be hammered into leaves so thin, as to require more than 
two hundred thousand of them to make an inch in thick- 
ness. 

Copper, iron, silver and zinc, are also malleable. 

Antimony and bismuth are brittle metals, and instead 
of being drawn under the hammer, are broken into frag- 
ments, wad may be ground to powder. 

Ductility, 
Ductility is the susceptibility of being drawn into wire. 
We should suppose that any metal capable of being 



In what instance, aUd in what manner, may britdenesfl be commani- 

cated, or withdrawn 1 
What ifl malleabilitj ? 

Which is the most malleable of the metals 7 
How thin may gold be hammered ? 
What o^her metals are malleable 1 
What are the brittle metals ? 
What is ductility? 
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drawn under the hammer, or rolling press, would also be 
ductile, but on making the experiment, we find this not 
to be the case. Gold, the most malleable of all the 
metals, is not so ductile as platina, silver, iron, or copper* 
Platina is the most ductile of all substances. It hc» 
been drawn into a wire no larger than a spider's web. 
Tin, lead and zinc may be hammered into thin leaves, 
but cannot be drawn into wire. 

Tenacity. 

This quality is called toughness^ ^md is dependent on 
the force of cohesion among the particles of bodies. It 
belongs more or less to all solids, some of which possesa 
it in a surprising degree. The metals are the most te- 
nacious of all bodies, but they differ greatly in this re- 
spect. A wire of cast steel, the hundredth part of an 
inch in diameter, will sustain a weight of 134 pounds, 
while the best wrought iron of the same diameter, will 
bear only 70 pounds; copper, 19, and lead only 2 
pounds. 

Gold and sihrer are less tenacious than ash wood, and 
iron will bear only five or six times as much as a thread 
of oak, of the same size. 



Are the malleable metals ductile ? What is the most ductile metal ? 

What malleable metals caondt be drawn into wire ? 

What is the common word for tenacity ? 

On what does tenacity depend ? 

What are the most tenacious bodies 7 

What is the comparative tenacity of cast steel, iron, copper and lead ? 

What IB said of the tenacity of wood 1 
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The peculiar properties of bodies we have described, 
and which fall under common obseryation, are Hard' 
ness, Density f Elasticity^ BrittUness^ MaUedbility^ DuC" 
tility and Tenacity, 

Liquids and Solids. 

Liquids are such substances, as possess little cohesion 
among their particles, and hence thej do not resist exter- 
nal impressions. When once set in motion, thej con- 
tinue to vibrate for a time. 

Solids, on the contrary, resist impressions because 
their particles cohere with force. On solids, the marks 
of impressions remain, while liquids soon recover from 
such impressions. If a piece of lead, or a stone be struck 
with a hammer, there will remain its print, while no such 
mark ;will remain on a liquid. 

Many solids become liquids, when heated. * Thus 
iron, gold, silver, lead, and most of the other metals, un- 
der different degrees of heat, lose their solidity, and may 
be poured from one vessel to another, like water. Under 
sufficiently high degrees of heat, there is no doubt but 
all solids would become fluids* 

On the contrary, many fluids are known to become 



What are the peculiar properties of bodies 1 

What are lic^uids 1 

Why do solids resist impressions 7 

By what agent are solids converted into fluids ? 

How is it probable that all solids might be converted into fluids 7 
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solids by the abstraction of heat, or by cold. Quicksil- 
ver, which is a liquid in most climates, becomes a solid 
when exposed to a Greenland winter ; and in our own 
dimate, water becomes a solid during the same season. 
It is probable, then, that heat is the cause of fluidity, and 
that could it be withdrawn, or in other words, could a 
certain degree of cold be produced, all liquids would be- 
come solids under it. 

We see then solidity and fluidity are not intrinsic qual- 
ities, but that they depend on temperature, and that these 
two states may be changed from one to the other by cir- 
cumstances. 

GRAVITY. 

Gravity^ as already shown, is a universal property of 
matter, and is that force which draws bodies towards each 
other, or towards the earth. 

The consideration of this subject, as it relates to the 
motions of the planets, belongs to Astronomy. The at- 
traction which the earth exerts on all bodies near its sur- 
face, is called terrestrial grayity, and the force with which 
any mass is drawn towards it, is called its weight. It 
is terrestrial gravity only, which belongs to the present 
subject. 

Gravity, as already stated, is proportionate to the quan- 



How may flaids be conyerted into lolids ? 
What is the cause of fluidity ? 
What 18 terrestrial gravity ? 
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tity of matter the body contains and not to its bulk. 

» 

Thus a cubic foot of lead contains, perhaps, 16 or 18 
times as much matter as one of cork. The cork is full 
of small pores containing air, while the particles of lead 
are so near each other as to leave no pores. Hence it is, 
that a piece of lead is so much heavier than one of cork 
of the same size. 

The velocity of every falling body, from the least to 
the greatest height, is constantly increased until it reach- 
es the earth. 

Every one, whether he has reflected upon this subject 
or not, has probably been convinced, in one way or anoth- 
er, of the constantly increased force of a falling body. 

A pear felling from a tall tree has convinced many a 
boy of the force of this principle. 

A man may jump from the height of a few feet with 
impunity, but if his distance fit)m the ground is consid- 
erable, his velocity becomes so much increased as to en- 
danger his limbs, or his life, by the force with which he 
strikes the ground, 

A rock, rolled from a mountain, constantly gathers 
force and velocity in proportion to its distance of descent. 

In hail-stonns^ Itttle pieces of ice no larger than peas, 
sometimes shatter window-glass into fragments. This is 



Why is the same bulk of lead heavier than cork 7 

Why is it more dangerous for a person to fall from a great height, 

than a small one 7 
How may the force of hail stones be accounted for 7 



dearly owing to the great heigbt from which they have 
desceaded, for no one bj throwing them with his hand 
could produce such execution. 

Fig. 3. This principle is curiouBly iilustrated 

by pouring molasses or syrup from an 
elevation to the ground. The bulky 
Btreatji, Fig. 1, of an inch or two in di- 
_ameter, irhere it leaves the vessel, is re- 
Iduced to the size of a straw, or even a 
thread, when it reaches the ground. But 
what is lost in size is made up in velocity, 
for the small stream at the ground will fill 
a vessel in exactly the same time, as the 
large one at the outlet. The increase of 
velocity in falling bodies is so great, that 
if a bullet fall 16 feet the first second of 
time, it will fall 64 feet the second second, 
80 feet the third second, and 113 the 
fourth second, and so on in this propor- 
tion, let the distance be what it may. 
A body actually falls 16^ feet the first second of time. 
By calculations made on the above principles it baa 
been ascertained that if the moon should lose her balance 
and fall towards the earth, she would arrive here in about 
four days and twentjr hours, a distance of S40 thousand 
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miles, and that were the earth to lose her balance she 
would fall to the sun in sixty-four days and ten hours, a 
distance of 95 millions of miles. 

If all bodies attract each other with forces equal to the 
quantities of matter they contain, then by doubling the 
quantity of matter in one body, the force of attraction 
between them would be doubled. Thus did the earth 
contain twice its quantity of matter, a weight which now 
weighs 10 pounds, would then weigh 20 pounds, and the 
weight of all things on its surface, would be twice as 
great as now. 

The planet Herschel is in bulk about eighty times 
greater than the earth, and therefore if her density is 
equal to that of the earth, 10 pounds here would weigh 
800 pounds there. 

On the contrary, the weight of all things here would 
be diminished at the moon in proportion as her quantity 
of matter is less than that contained in the earth. The 
moon is about thirteen times less than the earth, and 
therefore 1 pounds here, would weigh less than 1 pound 
there. 

The attraction of bodies being in proportion to their 
quantities of matter, it follows that when free to move* 



How long is it estimated, it woald take the moon to fall to the earth, 

and the earth to the sun ? 
How would an increase of the earth affect the weight of things on its 

surface 1 
How much would one of our ten pound weights weigh at the planet 

Herschel? Why? 
How much would one pound weigh at the moon ? Why ? 
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they approach each other through distieiuces proportion- 
ate to these quantities. 

It will be readily understood that if a man stands in 
one boat, and pulls a rope fastened to another boat of the 
same size, or if a man in each boat pulls at the same 
rope, the two boats will approach each other with equal 
rapidity, and therefore that they will meet just half way 
from the two starting points, and consequently at a, fig. 2. 

Fig. 4. 




But suppose that one boat has double the weight of the 
other, or requires double the force to propel her through 
the water at the same rate, then the man standing in the 
small boat, will approach the large boat twice as fast as 
the leu'ge one approaches him, and thus the small boat 
will meet the other at two thirds of the distance from the 
starting points. 

If the rope from the small boat be attached to a ship, 



What is the law with respect to the distances through which bodies 

moTe in approaching each other 7 
If a man pull two boatsjof the same size, towards each other, where 

will thejr meet 7 
If a man pull two boats towards each other, the one being twice the 

size of the other, where will they meet 7 
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the boat onlj will appear to move, but that the snip real- 
ly moves may be proved by close inspection, and by the 
fact that a thousand such boats pulling in the simiie man- 
ner would make the ship meet them half way. 

In the application of these plain truths to the force of 
gravity, it appears that an equal force, that is, the force 
of attraction, acting on bodies containing different quan^ 
tities of matter, move them through different spaces, in 
proportion to their quantities of matter. 

Herschel, as we have seen, contains 80 times as much 
matter as this earth, and therefore if there were no other 
matter to attract these two planets, they would move to- 
wards each other, at velocities and through spaces in pro- 
portion of 80 to 1, that is, if we suppose that Herschel 
moved at the rate of 100 feet per second, the earth would 
move 8000 feet in the same time. 

It is inferred from these principles, that all bodies 
which are free to move, mutually approach each other, 
and therefore that the earth moves towards every body 
which is raised from its surface, with a velocity, and to a 
distance, proportionate to the quantity of matter thus 
elevated. 

If a cannon ball be shot perpendicularly into the air. 



How if it ebown that a small boat Will move a ship ? 

How are these plain facts applied to the force of craTity 7 

In what proportions of space and time do attracting bodies move to- 
wards each other ? 

In what proportion would the law of attraction move Herschel and 
the earth towards each other ? 
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the earth rises towards the ball, and continues to rise, 
until the ball returns to meet the earth, the velocities and 
spaces through which the two bodies pass, being in due 
proportion to their relative quantities of matter. But the 
motion of the earth being as many times less than that 
of the ball, as its quantity of matter is greater, her motion 
is not perceptible to us. 

According to the " Library of Useful Knowledge," if 
a ball of earth equal in diameter to the tenth part of a 
mile were placed at the distance of the tenth part of a 
mile from the earth's surface, the attracting powers of the 
two bodies would be in the ratio of about 512 million of 
millions to one. For the earth's diametet being about 
8000 miles, the two bodies would bear to each other about 
this proportion. Consequently if the tenth part of a 
mile were divided into 512 million of millions of equal 
parts, one of these parts would be neeuiy the space 
through which the earth would move towards the falling 
body. Now in the tenth part of a mile there are about 
6400 inches, consequently this number must be divided 
into 512 million of millions of parts, which would give 
the eighty thousand millionth part of an inch, through 
which the earth would move to meet a body of the tenth 
part of a mile in diameter. 

What it taid of the moTement of the earth towardi a cannon hall 

thrown from its surface ? 
What is said of the motion of the earth towards a body the tenth of 

a mile in diameter ? 
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p. 5 ASCENT OP BODIES. 

••^ '^ It has been stated with respect to falling bodies, 
that their velocities constantly increase until thej 
^each the ground. 

This law is exactly reversed with respect to 
bodies thrown upwards, for their motions being 
opposed to the attraction of gravity, they are con- 
stantly retarded, and therefore move slower and 
slower. 

A ball thrown upwards, every instant loses a 
part of its velocity, until having lost all of its im- 
pulsive force, it begins slowly to return towards 
the earth. In returning, its velocity is increased 
in the same ratio that it was diminished in its 
ascent 

This will be understood by Fig. 3, where, sup- 
pose, a ball to be propelled from the point a, with 
a force which would send it to & in the first second, 
to c in the second, and to d in the third second. 
On its return it would pass through the same spa- 
ces in the same times, :he direction and time only 
being reversed. Thus it would fall from J to c in 
the first second, to h in the next, and to a in the 

ird. 

I I ■» I.I.I III ..■■ii ^..i I 



What is the law of ascending bodies when compared with falling 

ones? 
Explain Fig 3. 
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Motion is a continued change of place with regard to 
a fixed point. A fixed point is any thing which remains 
stationaiy with regard to other things in motion. Thus 
anj given part of a steam-boat is a fixed point with re- 
spect to the motion of the machinery, while a rock or a 
tree is a fixed point with regard to the motion of the boat 
through the water. Thus motion and rest are relative« 
and accidental states of bodies. 

It is easy to see that the present form and beauty of 
the whole natural world has been produced by the differ- 
ent k^lds of motion ; for without motion there would be 
no rising and setting of the sun ; no rain to moisten the 
earth ; no change of seasons ; no flowing of riyers ; 
and no growth of animals or vegetables. Without mo- 
tion the whole universe would be dead, and remain for- 
ever at rest, unchanged and unproductive. 

Motion is distinguished into two kinds, called absolute 
and relative. 

■ 

Absolute motion is a change of place with respect to a 
fixed point. Relative motion is a change of place in 
bodies with respect to others, also in motion. 



What is motion 1 What is a fixed point ? 
What general effects have been proanced by motion ? 
What wonld be the consequence should all motion cease f 
How if motion distinguisned? 
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When we walk along the street, or sail in a boat, we 
are in absolute motion, for then we are constantly ap- 
proaching a fixed point, as a tree, house, or rock, (^ re- 
ceding from it. 

If A. rides at the rate of five miles in an hpur, and B. 
at the rate of ten miles in the same time, then B. has a 
relative motion with respect to A. of onlj fire miles in 
the hour, though his absolute motion is ten miles ; for, at 
the end bf the hour, A. would be only ^ye miles ahead 
ofB. 

Two vessels sailing at the same rate and in the same 
direction have no relative motion with respect to each 
other, because they preserve the same distance apart ; 
but if a breeze should spring up so that one should sail 
at the rate of three miles, while the other sailed only two 
mUes in the hour, then the one would have a relative 
motion of a mile an hour with respect to the other. 

Apparent motion, as distinguished from relative, is that 
in which the apparently moving body is still, the decep- 
tion being caused by the real motion of the spectator. 
Thus on looking through the windows of a steam-*boat, 
the shore will appear to be moving backward, while, in 
reality, the boat is moving forward. 



What is absolute motion ? 

What is relative motion 7 

Give an illustration of absolute motion. 

Give an illustration of relative motion. 

What is apparent motion 1 

Give an example of apparent motion. 
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Rest is understood as the opposite of motion, or the 
absence of it. But this as well as motion is often a rela- 
tive state. Thus a man sitting in a steam-boat, is at rest 
with respect to the boat, but is in motion with respect to 
the shore. 

« 
VELOCITY OF MOTION. 

Vtlodiy may be defined, " the rate at which a body 
moves from one place towards another." 

Velocity has nothing to do with the weight or magni- 
tude of the moving body. 

Velocity is said to be uniform^ when the moving body 
passes through equal spaces in equal times. If a car, 
on a rail-road passes at the rate of 15 miles an hour, its 
velocity is uniform, but if it goes a part of the distance 
slower and a part faster than this, its velocity is not 
uniform. 

Velocity is said to be accelerated when the rate of mo- 
tion is constantly increasing, so that the moving body 
passes through equal spaces in unequal times. 

The motion of a falling body as a hail-stone, is a per- 



What is meant by rest ? 

GWe an example of rest and motion at the same time. 

V^hat is velocity f 

When is velocity said to be uniromi 7 

When is velocity accelerated ? 

Give an example of oecelerated veloci^. 
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feet example of accelerated motion, its Telocity being 
every instant increased until it reaches the earth. 

Velocity is said to be retarded when the motion of the 
body is constantly diminished, and it moves slower every 
succeeding instant. 

A ball thrown into the air is an example. A cannon 
ball shot horizontally is also retarded every moment by 
the resistance of the atmosphere. 

FORCE OF MOVING BODIES. 

The force with which a moving body strikes is called 
its momentum, . 

The momentum of a body is in proportion to its velo- 
city and quantity of matter. 

If two balb, each weighing the same, be rolled with the 
same velocity against an impediment, it is plain that their 
united force would be just twice as great as one of them 
rolled alone. 

With a given velocity, therefore, the momentum must 
be proportionate to the quantity of matter. 

But if one of the balls be rolled with twice the velocity 



What is meant by retarded velocity 1 

What is an example of this velocity 7 

What is momentum ? 

To what is momentum proportionate ? 

How may one ball be made to produce the same force ai two f 



' FORCE OF VOTING BO0US. 41 

of the former experiment, then one ball would produce as 
much force as the two did before. 

The force or momentum, of a moving body is, there* 
fore, as its velocity and quantity of matter multiplied to- 
gether. 

Thus if the velocity be 4, and the weight 6, the mo- 
mentum will be 24. If the velocity be 2, and the weight 
12, the momentum will be 24. 

Thus to overcome the same impediment, it makes no 
difference whether the velocity be increased, or the weight 
of the moving body increased, or the contrary. 

Suppose an impediment, as a block of wood, so bal- 
anced, as to be thrown from its place by a certain known 
momentum, and that this is 40 pounds. Then a weight 
of 10 pounds, moving with a velocity of 4 rods per sec- 
ond, would overcome the impediment, because 10 mul- 
tiplied by 4 produces 40. Or these terms might be re- 
versed, and 4 lbs. moving at the velocity of 10 rods per 
second, would produce the same result. 

Rule. Multiply the weight by the velocity, and the 
product is the momentum. 



Soppose the weight to be 5, and the velocity 6, what will be the mo' 

mentum 7 
What weight and velocity, or yelocity and weight, wiU overcome an 

impediment of 40 pounds ? 
What ii the role to find the momenta of bodies ? 
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ACTION AND REACTION. 

In monng bodies action and reaction are always 
equal ; that is, a body at rest resists the moving body y 
with a force equal to that with which it is struck. 

If a man upon the run strikes his head against a man 
standing still, the latter resists with a force equal to the 
momentum of the first, and hence both are equally hurt. 

If I lay my left hand on a table and strike it with my 
right, the pain in both hands is equal. 

In rowing a boat, the reaction of the water is equal to 
the pressure of the oars, and thus it is, that the boat is 
impelled in a contrary direction from that in which the 
impulse is given. 

If two bodies moving in contrary directions meet, the 
shock is equal to the momenta of both bodies. 

Two ships, sailing in opposite courses at the rate of 
six miles per hour, would meet with a force equal to one, 
sailing at the rate of 12 miles an hour. 

Steam-boats oflen scdl at the rate of 14 miles an hour, 
and hence the most disastrous consequences ensue when 
they happen to strike each other. 



What is meant by reaction 7 

Which strikes the hardest, the head of a man in motion, or his who 

is still ? 
How is action and reaction illastrated, by striking the hands together t 



ACTION AMO HBACTiON. 



4S 



The phUosophj of action and reaction may be iUus* 
tratedmore satisfactorily and piedselj, by the following 
means. 



Fig. 6. 





Two ivory balls^ a and 6, of the same size and weight, 
are suspended contiguous to each other by strings of the 
same length ; cdisa, graduated scale, by which the ve- 
locities of the moving balls are measured. One of the 
balls is puITed to auy given degree on the scale and then 
let fall upon the other at rest. 

By experiments with this simple apparatus it is ascer- 
tained that after impact, (striking,) the two balls move 
with just one half the velocity that one of them did be- 



What M the <|nantity of mometitum, when two bodies moving in O]^ 

potite directibni, ttrike each other t 
Explain fig. & 
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tore* ThuB the ball a being carfied to 6, and let fall, 
tlie two irill more to 3 on the opposite side of the scale, 
because a imparts one half of its Telocity to b. If the 
balls are unequal in size and weight, the same law holds 
true, though the result is different. If a being twice the 
weight of b^ be let fall upon it, one third of the Telocity of 
a is destroyed, while two thirds are communicated to b. 
In other words, b extinguishes in a, just so much motion 
as it receires from a. If the two balls are equal, and 
both are carried equidistant, as to 6, 6, and let fall at the 
same instant, action and reaction being equal, both are 
brought to rest. 

It is said that a man, not comprehending the principles 
of action and reaction undertook to make a fair wind for 
his boat to be employed at his pleasure. For this pur- 
pose a great pair of bellows were fixed in the stem, with 
the proper apparatus for blowing, not doubting but that 
the blast therefrom would carry him in whatever direc- 
tion, and at whatever rate he pleased. But on making 
the experiment he found, for a plain reason, that his boat 
went backwards, instead of forward. The reaction of 
the atmosphere on the stream of wind from the bellows. 

Suppose a is raised to b, and let fall, how much motion wiU it lose 

and how much pre to 6, both beinr equal 1 
Ifa be twice the weight of 6, how much will a lose, and how much 

win b gain ? 
If the balls are equal, and carried equidistant, what will be the efiect 

of impact 7 
Why did not the experiment with the boat and bellows succeed ? 



produced a mptipn in the contmrx directiali. B^ the 
sails receir^ the whole force of the innd fkona the bei- 
lows, the reaction would have been exacdj equal to t^ 
action, and the boat would have remained at rest. Had 
this man made, and applied the experiment of attempt- 
ing to raise himself into the air hj pulling at his boot- 
straps, he would have saved himself the expense of build- 
ing such a boat. 

REFLECTED MOTION. 

We have formerly stated, that matter was alike indi^ 
ferent both to action and rest ; that when onoe at rest it 
would never move without the application of force, and 
that when set in motion it would continue to move m a 
straight line, unless brought to rest bj some external 
force. 

It is understood that bodies moving in right lines, are 
under the influence of a single impulse only. Thus a 
ball shot out of a gun, or struck with a bat, obeys an im- 
pulse only in one direction, and goes forward in a righ^ 
line. 

But when two forces act upon a body at the same time, 
as it cannot move two ways at once, it is driven in a 
middle course between the direction of the two forces. 
This is called reflected motion. 



In what direction will a body move, when acted on by a sin^ 

impalse? 
When two forces act upon a body, in what direction will it move ? 
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If two bi^ moying under magle impulies in opposite 
directions, meet eiU^h other obliquely, new directions are 
given to both, as represented by fig. 7. 

Fig. 7. 






Two ships meeting obliquely at sea, are thrown out of 
their former direction in the same manner. 

The bounding of a ball, when it strikes an impedi- 
ment, and the skipping of a stone over the smooth sur- 
&oe of a pond, are examples of this kind of motion. 

If an elastic ball be thrown against an impediment, it 
makes the same angle in rebounding, that it did in ap* 
preaching the surface struck. 

Fig. 8. Suppose a a, fig. 8, to 

be a marble slab or floor, 
and b an ivoiy ball to 
be thrown in the direc- 
tion of h c, then it wil] 
rebound in the direction 
of c d^ making the two 
angles, 1 2, exactly equal. 




Explain fig. 7. 

What are common examples of this kind of motion ? 

Explaw fig. ^ 
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If die ball approach the floor under an angle of greater 
er less quantity, the same law holds true. 

Fig. 9. Thus if it falls in the per^ 

pendicular line, o o, fig. 9, it 
will return in the same line, 
and if thrown in the direction 
of a o, it will rebound towards 
o c, thus forming angles, in its 
approach and rebound, of the 
same quantities, with the per- 

pendicular Ime o 0, and the horizontal line d. 

We shall see when we come to the article Optics, that 
light follows precisely the same law, and that the line of 
approach a o, forms the angle cf incidence^ while o p, 
forms that of reflection. 

Fig. 10. 

When a body moving in a 
straight line is struck by another, 
moying perpendicularly across 
that line, the resulting motion 
will be the medium between the 
direction of the two forces. 

Suppose the ball a, fig. 10, to 
be moving with a certain impulse 




Explain fig. 9. 

Wnich are the angles of incidence, and which thoie of reflection t 
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along the line 1 % and that at the point a it shoold re- 
ceiTe*an^equal impulse in the direction of S 4, then the 
lesultiag direction would be in the diagonal of the square 
a h. 

The reason of this, is readily understood. The first 
impulse tends to carry the ball from 1 to 2 ; the second, 
being of equal force, tends to drive it from 3 to 4 ; the 
moving body, bj this joint action, passes from a to fr, 
equidistant from 2 and 4* 

If one of the moving forces be greater than the othert 
then the diagonal line will be e2d»nded in the (Urection of 
the greater force, and the line will become the diagonal 
of a parallelogram, or oblong square. 
Fig. 11. 

Suppose the impulse given 
to the ball c, fig. 11, in the 
' direction of a ft, should be 
equal to 4, and that the cross 
force in the direction of c d^ 
should be equal to 2, then 
the ball would tend twice as 
far along a 6, as along c d, and consequently it would 
pass through the diagonal of the parallelogram e /, whose 
length is double its breadth. 




Boppoie a body in free motion reoeiveta cross ^mpalse of equal 

force, what direction will it take 7 
If one of the moving foccea is greater than the other, how will the 

line of motion be affected ? 
Explain fig. 11. 
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Matty daily occurrences which we witness, Olustrate 
the doctrine of cross fopces. 

A bird flying across the wind, or a boat sailing in the 
same direction, are examples. A row-boat crossing the 
current of a rirer, is perhaps a better example tiian either. 

Suppose such a boat is rowed forward, at the rate of 
4 miles an hour, and the current of the river runs at the 
same rate, then the two cross forces will be equal, and 
the line of the boat will be the diagonal of a square, as 
shown in fig. 10. But if the current be 4 miles an hour, 
and the progress of the boat forward only 2 miles an 
hour, then the boat will go down stream, at twice the rate 
she approaches the shore, and her path will be the dia- 
gonal of a parallelogram as in fig. 11. 

CIRCULAR MOTION. 

This relates to the motion of bodies in a circle, or 
round a ring. 

A person first thinking on this subject, might suppose 
that a body, which for a time had been made to move in 
a circle, would naturally continue in it when set at liber- 
ty. But on considering that in all cases free motion 
ten js to straight lines, and that in all instances this is 
actually found to be the case, it will be seen that motioi]^ 
in a circle must require restraint in one direction. 



To what does eircalar motion relate 1 

What are the forces called, which impel bodiea in circles? 



50 NATI7BAL PHIX.080PHY. 

The force by which a body tends to % off in a stra^ht 
line is called the centrifugal j fit centre-fljing force ; that 
which keeps it from flying off, is called the centripetal^ or 
centre-seeking force. 

Bodies moving in circles are constantly acted u{k>n by 
these joint forces. If the centrifugal force should cease, 
the revolring body would no longer describe a circle, 
but would instantly approach its own centre of motion. 
If the centripetal force, should cease, the body would 
begin to move off in a straight line, this being the natu- 
ral course of all bodies when acted on by a single im- 
pulse. 

Fig. 12. If the cannon ball, fig. 12, tied in 

the centre of the circle, be moyed 
towards a, it is obvious that the 
string would prevent its passage to 
that point, but would keep it in the 
circle. The string, therefore, is the 
centripetal force. 

iz If the ball were set in rapid mo- 

tion, there would be a strong centrifugal force as shown 
by the tension of the string, acting against the centripe- 
tal ; and if the latter force should cease, by the parting 




What are meant by the centrifiigal and centripetal forces 1 
In what direction would the whirling body move, should the centri- 
fugal force cease ? 
What would be the effect were the centripetal force to cease 7 
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of the stiiogi then the former force only vould act, and 
the ball would move off in the tangent of the circle. 

The more rapid the motion, the greater the centrifugal 
force. A sling cord is always most tense when the stone 
is whirling with the greatest rapidity. 

Articles of considerable strength, sometimes fly in 
pieces, when made to revolve with great rapidity. In 
these cases the centrifugal force becomes greater than 
that of the cohesive attraction. Large stones, used in 
grinding, have often parted into fragments from this 
cause, to the great hazard of the grinder. 

It is the centrifugal force of the common grindstone, 
which throws the water out of the trough, and if the mo- 
tion is rapid, projects it to a considerable distance. 

Fig. 13. It is the outer circumference 

of the wheel, or that part at the 
greatest distance from the cen- 
tre of motion, which has the 
greatest centrifugal force, be- 
cause it has the most rapid mo- 
tion. 

If the wheel, fig. 13, revolves 
a certain number of times in a second, it is plain that the 
end of the arm, c, must move as much more rapidly than 



How 18 tbe centrifugal force increased 7 

Why do large itonei oaed in grinding, sometimei fly in pieces f 

At what part of a revolving wheel i> the centrifugal force the great* 

est? 
Explain fig. 13. 
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its middle, a, as 6 is more distant from die centre of mo- 
tion. Hence everj part of the rim of the wheel has the 
greatest centrifugal force. 

The diurnal velocity of the earth at the equator, or 
the part most distant from its centre of motion, is about 
1000 miles per hour. Were this motion 17,000 miles 
per hour, rocks and stones at the equator would lose their 
attractive force, their weight being overcome hj the cen- 
trifugal action, and they would fly away in stredght lines, 
as the water does from a rapidly revolving grindstone. 

It is the centrifugal force which overturns carriages, 
when their drivers attempt to turn corners at a rapid 
pace. A loaded stage coach when running south, and 
turning suddenly to the east or west, strews its passen- 
gers on the south side of the road, because their centrifu- 
gal motion throws them forward in a straight line afler 
the carriage has turned. 

CENTRE OF GRAVITY. 

The centre of gravity is the point on which a body, of 
whatever form, will balance itself without falling. 

The centre of gravity in a beam of wood, of the same 



What is the rate of daily motion at the equator of the earth ? 
What would be the consequenee, were this motion seFenteen timet 

greater than it is ? 
What is the centre of gravity ? 
Where is the centre of gravity in a beam of aniform thickness ? 
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thiekness throughout, is exactly at an equal distance from 
each end ; %• 14. 

Fig. 14. 




If the beam be larger at one end than at the other, then 
the centre of gravity changes, and approaches the larger 
end, more or less nearly, in proportion to the increase of 
size ; fig. 15. 

Fig. 15. 




If two balls of equal weight are connected by a bar, 
the centre of gravity will be at the point on the bar equal- 
ly distant from each. But if one of the balls be smaller 
Fig. 16. than the other, then the centre 

©of gravity will be removed from 
the smaller ball in proportion to 
the difference of weight. In fig. 

16, if c weighs 2 pounds and a weighs 8 pounds, the 
centre of gravity will be four times the distance from c 
that it is from a. 



Explain fig. 16. 
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In regular squares, parallelbgrams and cijfeles, the 
centre of gravity is the centre of the figure. 

In fig. 17, a is a square, b a rhomb, c, a circle, and d^ 
an octagon. The dark lines bisect each othe^ in the 

Fig. 17. 






centre of each figure, and these are severally the points 
where the quantities of matter on all sides are equal, and 
are therefore the centres of gravity. 

In a body, of equal thickness, but of irregular figure, 
the centre of gravity may be found by suspending it first 
from one point, and then from another, and marking by 
means of a plumb line, the ranges from the points of 
suspension. The centre of gravity will be the point at 
which these two lines bisect each other. 

Thus if the irregular piece of board, a, fig. 18, be sus- 
pended by making a hole through it, and at the same 



In regular figuresi as the square and circle, where is the centre of 

gravity ? 
Explain fig. 17. 

In irregular figures, how may the centre of gravity be found 7 
Bxplain fig. 18, and show how the centre of gravity may he found. 
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Fig. 18. 




point hanging a plumb line, both board and line will hang 
in the position seen in the figure. Haying marked this 
line along the board, let both be again suspended as 
shown at 6, and the point where these lines cross, will be 
the centre of gravity, as shown at r. 

The solidity and permanency of edifices oflen depend 
on Uie position, or place of the centre of gravity. In a 
tall building with a narrow base, there is more or less 
danger of a fall in proportion to the narrowness of the 
foundation, and the height of the centre of gravity. 

If the centre of gravity as tested by the plumb line,' 
falls beyond the base, the building will certainly come to 
the ground. Fig. 19 illustrates this subject. It is a lean- 
ing column composed of six distinct, square blocks of 

What is the danger of a fall in an edifice proportioned to 7 
Explain fig. 19, and show the reason why such a bailding woold^ or 
would not stand. 
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Fig. 19. wood or Btoae. The two plumb lines 
mark the centres of gravity. When 
Sve blocks are placed in the position 
shown, the point of gravity falls near 
the centre of the third block, and is 
within the base, as shown by the line- 
But on (idding another block, this cen- 
tre is found without the base, and the 
whole will now fall by its own weight. 

In permanent edifices the centre of 
gravis must be raised, before the etruc- 
ture will fall, and hence the wider the 
base and the nearer the centre of gravity to the ground, 
the stronger vill be the edifice. 
The pyramid, fig- 20, has a broad base and little eleva- 
Fig. 20. tion ofthe centre of i^avity. In turn- 

ing over this figure the centre of grav- 
ity has to be hfted in the direction of 
_the line a, and therefore a great pro- 
portion of the whole weight of the 
structure has to be raised before the 
centre will fall beyond the base. Hence 
theory, as well as experiment, proTea the durability of 
this form of structure ; for buildings are found to with- 
stand the efiects of time and the commotions of earth- 
quakes, in proportion as ihey approach the form of the 
pyramid. 
Whv it tlu rorm of the pjisinid difficult to ovtrtars T 




Prom what we have stated, i» wiD b» underetood that 
the danger that my l>ody, or edifice, win fell, to in pro- 
portitm to the narrownesB of the base, combined with 
the lieight of the ccDtre of gravity above it. 

In a cart-load of stone, the centre of grarity is near 
the earth, and the base, being the width of the wheels, 
is wide when compared with the height, and hence it is 
not easily orertumed. 

But the same cart, loaded with hay, vnudd be upset 
Fig. 21. where it would have been per- 

fectly safe with the stone, be- 
cause the centre of gravi^ being 
elevated, would be thrown be- 
yond the base by a slight iae- 
quality in the sides of the road. 
Fig. 21 represents the centra of 
greri^ in a load of stone, and 
of hay. This explains the rea- 
Tson why lof^ stage coaches, 
with much of the load on the 
top, are so often upset, and also 
why 10 many fetal accidents have happened from the 
late feshion of elevating the bodies of gigs and curricles 
to such a silly height To make such carriages safe, 

iDBnyedifiee or objeci, what istbs duigetorfalliDgpniponioBMl 
Wb;^ Ugh cotcbM and lof^ gip, dsnferoos vahiclei ? 
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their wbeekr most be placed further afMUt, andoiir roads 
must consequeiitij be widened for tibek accommoda- 
tion. 



POSTURE OF MAN. 

A body, we have seen, is tottering in proportion, as it 
has great altitude and a narrow base — ^but it is the noble 
prerogative of man to be able to support his towering 
frame with great firmness, though his base is narrow, and 
he is subject to constant change of attitudes. This fac- 
ulty is slowly and with difficulty acquired; for children 
have strength to support themselres« several months be- 
fore they can learn to keep the upright position, while 
young quadrupeds, which have a broad base, begin to 
walk within a few days, or even hours. This early abil- 
ity is not, however, entirely owing to the difference of 
structure ia^ two classes of animals, but it is probable 
much depends on the gift of nature. 

In man the centre of gravity is between the hips, and 
hence were his feet tied together, and his arms pinioned, 
a very slight inclination would throw his centre of grav- 
ity beyond the base, and he would fall. But when his 
limbs are fi:ee, he widens Ins base, and changes his cen- 



Where it the centre of ffratity in man? 

Why is • man more liable to fall, with his feet and arm« tied thaa 
when they ate free ? 
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tre of gnmtjr at pleasuiHs, by throwing out hu arms, as 
circumstances require. 

When a man runs, he inclines forward, so that his 
centre of gravity falls before his base, and in this posi- 
tion, he is obMged to keep his feet constantly advancing, 
to prevent falling on his face. 

The b^se which supports a man in walking or stand- 
ing, is the feet and the apace between them. Therefore, 
by turning out his toes this base is made broader, with- 
out taking much from the length, and hence persons 
who turn their toes outward, not only walk more firmly, 
but more gracefully than others. 

By experience in the art of balancing, that is, of 
keeping the centre of gravity in a line over the base, 
men perform feats that appear surprising, or even im- 
possible to those who do not consider what men can 
do by perseverance and habit. 

The shepherds of Landes, in the south of France, 
afford a curious instance of the application of the art 
of balancing to the common business of life. These 
men walk on stilts from three to five feet high, and 
their children, when quite young, are taught to practice 
the same art. To strangers passing their district, these 
inhabitants cut. a figure at once ludicrous and surpri- 
sing : fig. 22. '* By means of these odd additions to 

the natural leg, the feet are kept out of the water, 

- 

What is the base which supporta a man in his natural position f 
Whjr should persona turn their toea ontward in walking 7 
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Fig. 8S. vbich lies deep durioj^ 

the muds, and 
leWed sand dn- 
mtnef; itiaddi- 
lich, the sphere 
vet BD perfect a 
rially increased 
ration, and the 
m Bee his sheep 
er on stilts than 
tin .the ground." 
these men ac- 
rt of haJantung 
80 completely, 
jump, and even 
!i perfect ease, 
tfelUng. They 
urpnsi ng quick- 



CENTRB OF INERTIA. 

Inertia is that proper^ in all matter, which resists 
change, whether it he from rest to motion, or from mo^ 
tioQ to rest 

The centre of inertia in a body or system of bodies, ia 
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» 

.the same point with the centra of gremty* Hence rif this 
centre be raised or moved, the whole mass rises or 
mores with it. 

Thus in a bar of iron six feet long, the centre of 
grayitj, and of inertia, is three feet from eaeh end : if, 
therefore, this part be raised, the inertia of the whole bar 
will be overcome. 

BaUIUBRIUM. 

When two forces, or weights, balance each other, they 
are said to be in equilibrium. Any body, or system of 
bodies, are in equilibrium when the centre of inertia, or 
gravity, is supported. 

When a man stands on, his right foot, he ke^ps him* 
self in equilibrium, by leeuoing to the right, so as to biinfg 
his centre of gravity in a hne over the foot on whioh Jbe 
stands. 

CUEVBD MOTION. 

This kind of motion is produced by the joint action 
o£ two forces, that of projection aadthi^ of gravity^ 

Any body projected forward, as a Caimen ball,«r 
rocket, describes a curved line 4n fiiliing to the earth» 
S'Ach a body is said to have a curviUMear motion,. 

The shape of the curve wiU depend on the fovee of 
tile projectile motion, . or the velocity of the moving bo<i^» 

A stream, or several streams of water, spoudug from 



How does moving the centre of inertia affiact the whole maai? 
fVhat ifl meant bj eqailibrium 1 
How it eorred raetion prodoeedT 
>>n what dependfl the aluipe of the curve 1 
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the side of a reserFoir, will Ulostrate the doctrine of 

r* 23. ciiiTiliiiearinotion. Fig. 

23 repiesenti a tall res- 
sel filled with water, and 
pierced with three orifi- 
ces. The stream firom 
each orifice, forms a 
curve of a different shape 
from the others. That 
fi:om the lower orifice, 
where the pressure, an^ 
consequent! J the projec* 
tile force, is the greatest, forms the largest cunre, while 
that from the upper one, where the pressure is least, 
forms the smallest curve. 

The action of gravitj being always the same, the 
shape of the curve of every projectile, as already stated, 
depends on ifs velobity of motion. But whether this 
force be great or small, the moving body, if thrown hor- 
izontally fix>m the same elevation will reach the ground 
at the same instant That is, a ball firom a cannon, 
withacharge sufficient to throw it half a mile, will reach 
the ground at the same instant of time that it would had 
the charge been sufficient to throw it one, or two milea. 
The distance to which a ball will be projected will de- 
pend entirely on the force with which it is thrown, or on 



Wlqr do the ■trasim firom ttieyeitely fig. 83, form eanref of 
entihipeff 
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tfae velodtf of its motion. If it moves slowlf, the dis- 
tance will be short — if mote rapidlj', the space passed 
orer in the same time will be greater ; but in both cases, 
die descent of the ball towards the earth, in the same 
time, will be the same number of feet, whether it mores 
&BtorBlow,orereuwhetheritmoTeBforwardataU,ornot. 
Sn^Mse a camion to be loaded with a ball and [daced 
on the top of a tower, at such a hei^t from the ground 
SB to require just three seconds for another ball to de- 
scend if let iall peipeadicularly. Now suppose the oan- 
n<m to be fired in a horiKonlal direction ; and at the same 
instant the other ball to be dropped towards the ground. 
Tbej will both reach the horizontal line at the base of 
the tower at the siune instant. 
Fig. 24. 



-X, 



\ 



, SnppoK two balliira proj;ectei] from the Hnw heigbt, and sttba 
nnw iBMsnt, on* Roinr tnmilj rodi, and £e odter * mi)*, 
which Tronld finrt reach uieeriiaiHll 
On wliBt doM Ihediitano* In which proJectitei«nlhrowD,depMidf 
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Fig. S4 will exidam tbjs. a, . the vertical line of the 
deacendiiig ball, c b the curvitmear path of the j^xi^tF- 
ed ball, d the horizontal line at the foot of the tower. 
During the first second sappe«e the ball which is drop- 
ped reaehes 1, the next seoond ^ and at the end of the 
third, that it strikes the ground. Meantime that project* 
ed &qm the caAQon, moves forward with such Tcdocity 
as to reach 4« i^ the same instant that the other is fall- 
ing to 1. But the projected ball falls downward exact- 
ly as. fast as the other, since it meets the line 1 4, which 
is parallel to the horizon, at the same instant. During 
the next second th^ ball from the cannon reaches 5, 
while the other falls to 2, both having descended through 
the same space. During the tlnrd second the projected 
ball'will have spent nearly its whole force, and therefore 
its motion downward will be greater, while that forward, 
will be less than before. 

All this will be readily understood, when it is consid- 
ered that the horizontal motion does not in the least in- 
terfere with the action, or effect of gravity, but that the 
projectile descendii with the same rapidity while moving 
forward, that it would if its motion was perpendicular to 

the horizon. 

GUNNERY. 
A projectile is any body thrown into the air, as a 
rocket, a ball from a gun, or a stone from the hand. 

^Ixplain fig* 24, and show the reason why the two balls descend 

thiouffh equal spaces, in eqaal times ? 
What » a projectile? 



0UNNBRY. 



05 




Th^ paths of all projectiles are cunres. Tlie random 
Fig. 25. ofa projectile is the hor- 

izontal distance from 
• ^e place whence it is 
thrown to that where it 
strikes the earth. 

The greatest random 
takes place at an angle 
of 45 degrees; (fig. 35.) 
That is, when the gun 
\i pointed at this angle 
with the horizon, the 
ball is thrown to the greatest distance. 

The force with which balls are thrown by gun-powder, 
is measured by an instrument contrived by Mr. Robins, 
and Called the Ballistic Pendulum, It consists of a large 
block of wood suspended by a rod in the manner ofa 
pendulum. Into this block the balls are fired, and to it, 
therefore, they communicate their own motion. Now 
the weight of the block and that of the ball being known, 
and the motion, or velocity of the block being determinr 
ed by niachinery, or by observation, we have the ele- 
ments by which the velocity of the ball may he found ; 
for *' the weight of the hall is to the weight of the blocks 



What is the random of a projectile 7 

At what anxle does the greatest random take place? 

How is the DftUtstic Peadulum constructed ? 
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as the velocity of the block is to the pelocitjf of the 
balV 

Ify this simple apparatus, manj facts relative tof the 
art of 'gimaery may be known. 

If the ball be fired at different distances, from the 
same gun, it will be seen how much resistance the at- 
mosphere opposes to its force at such distances. Rifles, 
and guns with smooth bores may be tested, as well as 
the various charges of powder best adapted to different 
distances and different guns. These, and a great va- 
riety of other experiments, useful to the practical 
gunner or sportsman, may be made by this simple 
means* 

With respect to the velocity of balls impelled by gun- 
|>owder, it has been found that, with a common charge 
from a musket^ this is between 1600 and 1^00 feet per 
second, when first discharged. The utmost velocity that 
can be given to a cannon ball is 2000 feet per second, 
and this only at the moment of its leaving the gun. In 
order to increase the velocity fit)ml600 to 2000 feet, one 
half more powder is required ; and even then, at a long 
shot no advantage is gained, since at the distance of 500 
yards, the greatest velocity that can be attained is only 
15200, or 1300 feet per second. 

What if die velocity of a ball from a musket ? 
What 18 the otmost volocitj of a cannon ball ? 
What additional charae isreqnired to raise the yelocitv from lOOOto 
2000fiBetT 
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Grefrt charges of powder are therefote not only uee- 
less but dangerous, for although they gire little additioni- 
al force to the bail, they hazard the lives of many,^ by 
their bursting power. 

Experiment has also shown, that although long guns 
giye a greater velocity to the shot than short ones, still 
that on the whole short ones are preferable, and accdrd- 
ing^y, armed ships are now almost uniyersally furnished 
with short guns, called carronades. 

With respect to sporting guns, the length has been 
greatly reduced of late years. Formerly barrels of four, 
five, and even six feet in length were considered the 
most efficacious in procuring game, but the best London 
guns of the present day, at prices from 106 to 300 dol- 
lars each, have barrels of from 24 to 30 inches in length. 
Guns of about this length are now universally employ- 
ed for such game as grouse, woodcock, partridge, and 
such other birds as are taken on the wing, with the ex- 
ception of ducks and wild geese, which require longer 
and heavier guns. 

RESULTANT MOTION. 

Tins is the joint effect of two forces resulting in one. 
It will, perhaps, be best understood by an example. 



What is the eoodation with respect to great charges of powder? 
What is said of the comparative advaatag e of long and snort gans 1 
What if resaltant motion 7 



es 



NAT0RAII PHILOiOPHT. 



M two men be saSliug in two boats, both at the same 
ratie, and one toss ^ other an apple, the apple would 
pass diiwctly across fiom one boat to the other, so that its 
line of direction would appear perpendicular to the side 
of each boat. But its real Hne through the air would be 
diagonal, in respect to the sides of the boats, because in 
passing from one to the other, it is impelled by two forces, 
viz. : the force of the boat's motion forward, and the 
force by which it is thrown hj the hand across this 
motion* The diagonal motion of the apple is called 
resultant^ because it is the result of the two forces de- 
scribed. 

To make this clear, a, 5, c, if, fig. 26, are supposed to 

be the sides of the two boats, 
and the dotted line, e/, that of 
the apple. Now the apple, 
when thrown, has a motion 
with the boat, say of 4 miles 
an hour, from e towards d^ and 
this motion of the apple is supposed to continue as though 
it had remained in the boat. Had it remained in the 
boat during the time it was passing frx>m e to/, it would 
haye passed from e to A. But we will suppose it to have 
been thrown at the rate of eight miled an hour in the 




Suppose two boats, sailing at the same rate, side by side, and an 
apple be tossed from one to the other, what will be its dinctioB 
with respect to the boats ? 

What would its line be through the air 7 

Explain fig. 2G. 



direction of g^ and if the boats wen moving south, and 
the apple thrown towards the east, it would pass, in the 
same time, twice as for towards the east as it did towards 
the soutiii. Therefore, in respect to the boats, the apple 
would pass in a perpendicular line from the side of one 
to that of the otiiier, because they are both in motion, 
but in respect to one perpendicular line drawn from the 
point where the apple was thrown, and the parallel line 
wiUi this, drawn from the point where it strikes the other 
boat, the line of the apple would be oMique. This will 
be plain, if we consider that when tl^e apple was thrown, 
the boats were at the points e, g. On the principle of 
resultant motion, if two ships, during an engagement, 
are sailing before die wind at equal rates, the aim of the 
gunners will be exactly as though thej both stood still ; 
but if the gunner fires from a ship standing still, at 
another, under sail, he should take his aim forward of 
the mark he intended to hit, because the ship will pass 
a Mttle forward while the ball is passing to her. 

Fbr the same reason, if a ball be dropped from the 
topmast of a ship under sail, it will partake of the mo- 
tion of the ship forward, and will fall in a line with the 
mast, and strike the same point on the deck as though 
the ship stood still. 



When two ihips are in equal motioni and in the same direction* 

where ought the ffunner to aim ? 
When one ship is stiU, and the other in motion, where should the 

aim be? 
If a ball be dropped from the mast of a ship under sail, where wilt 

itfaU7 
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FENDULUM. 

That great astronomer, Galileo, haying discovered 
that the chcuideliers suspended from the ceiling of a 
lofty church, vibrated long, and with singular uniformity, 
after having received an accidental disturbance, was led 
to investigate the laws of their vibratory motion, and 
thus, out of what had been before the eyes of men in 
one shape or another from the very creation, did this 
philosopher bring the most important results, for with 
these observations originated the pendulum. The com- 
mon pendulum consists of a weight, or ball of metal, 
suspended by a rod, and made to swing backwards and 
forwards, or to vibrate. The path through which the 



Fig- 27. 




ball passes during its vibra- 
tions, is called the arc of 
the pendulum, as from a to 
c, fig. 27. 

In a pendulum of the 
same length, the times of its 
vibrations are nearly equal, 
whether it pass through a 
large or small part oi ita 
arc. Thus the ball will 
pass from a to c, in the 



What if the origin of the pendulam 7 
What does the cominoD pendulum consist of? 
What is meant by the vibration of a pendulum? 
What is the arc of a pendolum ? 
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same time that it would from o to o. The reason of 
this is, that in proportion as the arc described is more 
Fig. 28. extended, the steeper are its be- 

ginnings and endings, and there- 
fore the more rapidly does itfaU 
from each point to which it 
swings, as shown in fig. 38. 
Were the ball carried so high as 
to place the rod in a horizontal 
position, its fall from that point would be perpendicular, 
and hence its rapidity would be increased in proportion. 



CLOCKS. 

A common clock is a pendulum connected with wheel- 
work so as to record the number of vibrations, and with 
a weight having sufficient force to counteract the retard- 
ing effects of friction, and the resistance of the air. 
The wheels show how many swings or beats of the pen- 
dulum have taken place in a given time, because at eveiy 
beat, the tooth of a wheel is allowed to pass. Now if 
this wheel has sixty teeth, it will just turn round once in 
sixty beats of the pendulum, or sixty seconds, and a 
hand fixed on its axis projecting through the dial plate. 



What b said of the vibration of a pendulum throng a tmaU or large 

part of its arc 7 
What it the cauf e of this 7 
How man/ teeth has the tot wheel of a clock 7 
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will be the second hand oi the clock. The other 
wheels are so connected with the first, and the numbers 
of teeth on them so proportioned, that the second wheel 
tiuns siztj times slower than the first, and to this is at- 
tached the minute hand, and the third moving twelve 
times slower than this, carries the hour hand. 

The length of the pendulum determines the time of 
the vibration. 

Long pendulums vibrate more slowly than short ones, 
because in corresponding arcs the long pendulum has a 
greater journey to perform, virithout having a steeper line 
of descent 

As the motion of the clock is entirely regulated by its 
pendulum, and as the number of its vibrations is pro- 
portioned to its length, the least variation in this respect 
will change its rate of going. . To beat seconds, its 
length must be about 39 inches. In common clocks the 
length is regulated by a screw, which raises or lowers 
the weights. This is done for the purpose of counts- 
acting the variations of length which take place in con- 
sequence of the change of seasons ; for as the pendulum 
is lengthened by the heat of summer, and shortened by 
the cold of winter, the clock, without some such contri- 
vance, goes too fast in winter, and too slow in summer. 



How many has the second wheel 7 

How many times slower does the third wheel move than the first ? 
What determines the time in which the pendulum vibrates ? 
Why do long pendulums vibrate slower than short ones ? 
How long mast a pendalam be to beat seconds ? 
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Then is a iMereiice also in the rate at which the 
dock moFes, wkich depends on the part of the globe ia 
which the experiment ie made* 

It is the force of graritj which draws the weight of 
the pendulum 6om the hi^iest point of its arc down 
wards, and as this force increases, or diminishes, as 
bodies a[^roach towards the centre of the earth, or Mcede 
fimn it, so the pendulum will yibrote faster, or slower, in 
proportion as this attraction is stronger or weaher. 

It is well known that the earth at the equator rises 
higher from its centre, than it does at the poles, where it 
is flattened. The weight, therefore, being more strongljr 
attracted at the poles, than at the equator, the clock 
moves faster with the same length of pendulum, in the 
former region, than in the latter ; therefore, to keep ex- 
act time, pendulums must be shorter at the equator and 
longer at the poles. 

WATCHES. 

A pocket watch differs from a clock in having a vibra* 
ting wheel instead of a pendulum. In a clock, gravity 
is constantly drawing the pendulum dowiz to the bottom 



Why will not a pendulum of the same length beat seconds at all 

■eaaonsof thevear? 
Will the same length of pendulum beat e^ual time in all parts of the 

earth, with the same deme of heat t 
Wl^ do docks |o faster at the poles and slower at the eqmtor f 
How does a pootet .watch differ from a clock 7 

6 
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of the arc, hut does not ^ it there, because the moment- 
4tm which it had acquired duriag its fall from <me side, 
carries it to an equal height on the other side. In a 
watch the same effect is produced hy a spiral spring sur- 
rounding the axis of the balance wheel to which it is 
fiutened. This spring constantly tends to bring the 
balance wheel to rest, but cannot fix it, because the mo- 
mentum carries it beyond the centre of motion^ in one 
direction, from which it is made to return in the contrary 
direction by the force of the .pring, and having passed 
the centre, its momentum again carries it to an equal 
distance from the same point, and so the movement is 
continued. The balance wheel of the watch,, at each 
vibration, allows one notch of the adjoining wheel to 
pass, as the pendulum does in die clock, and connected 
with this there are other wheels answering to those 
already described in the clock. 

A main spring, consisting of a long ribbon of steel 
closely coiled, and contained in a round box, is employ- 
ed to keep up the motion instead of a weight 

This part of a watch, exhibits the most perfect and 
beautiful means of equalizing the force of a mechanical 
power, that ever has been invented. 

The barrel, a, fig;. 29, contains the main spring on the» 



In the wateh, what part answen to the pendulum of th« clpck? 

Hzpfaun fig. 29. 

Where 13 the main spsing I 
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Fig. 2a 




inside, while on the outside runs the chain bj which it is 
connected with the jusee^ 6, and through the fusee with 
all the other parts of the watch. Now when the watch 
is first wound up, the main spring is closely coiled, and 
of course acts with greater power than afterwards, so 
that if there were no means of equalizing this action, 
every watch would run two or three times as fast, when 
first wound up, as afterwards. The invention of the 
present form of the fusee is a complete remedy for this 
defect This is a low cone, with its surface cut into a 
spiral groove to receive the chain as seen in the figure. 
Now when the watch has been wound up by applying 
the key to the axis of the fusee, c, the fusee is covered 
with the chain on every turn of the groove, up to its 
smallest party and consequently the newly bent spring 
begins to pull on this small end, or short lever. But ex- 
actly in proportion as the spring becomes relaxed by 



Which the barrel and which the- fusee ? 

is thefasee was shaped hke the barrel, how would it operate on the 

KttBiiiog of the watch ? 
How is the force maintained on the machinery of the watch by 

meMw of a eonical fuiM ? 
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imwinding, the diametef of the fusee becomes larger, 
and consequently the lever power greater, bo that these 
two ports mutually compensate each other, and the same 
actual force is maintained on the machineiy of the watcfa, 
until the whole chain pasBes from the fusee to the barrel, 
when the watch is said to haVe " nm dowu," and re- 
quires again to be "woundup." 



MECHANICS. 



Meehanics is a science which inresdgtUes the laws and 
effects of force and motion, as applied to machinery. 

A machine ia any instrument, or system of instruments, 
by which force is api^edj or regulated. 



THE LEVER. 



A bar of wood, or iron, resting on a prop or axis, and 
employed in raising a weight, b a kver. 
Fig. SO. 



IVbat ii mediBiuci t 
What U a machine T 
WlittitRleTWt 
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In %. 30, c is theleyer, h the prq[> oi fulcrum^ on whii^h 
it rests; the hand is ihe power ^ and a is the weight to be 
moved. « 

The force of the lever depends on its length, together 
with the power applied, and the distance of the weight to 
be raised, fiom the fulcrum. 

The long arm of the lever is that to which the power or 
hand is applied, and reaches from the fulcrum, to the hand. 
The short arm reaches from the fiil^rum to the weight 

Now it is plain that a small weight on the long arm, 
will balance a large one on the short arm, and it is on 
this principle alone, th^ tl^e lever becomes a mechanical 

power. 

When two weights are equal, the fulcrum being placed 
Fig. 31. exactly in the centre of the 

rnggi^^^gggf^gga^i^gm lever between them, thej 

I will mutually balanoe each 

^^ ^^ other, and no mechanical 

^y ^y advantage will be gained. 

In this case the weight and the power are equal ; fig. 31. 
' To make the lever act as a mechanical power, the 
fulcrum must be placed near the weight to be moved, and 
the power or hand, at the greatest distance from it 



In fig. 30r which is the lev«r f 
Which the folcram ? 

Which the weight, and which the power t 
Which is the short and which t^e long arm of the lever? 
Where two weights are equal, where is the falcram placed 7 
Where must the fulcrum be placed to make the lever act as a tat*, 
chanical power ? 




^ 
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Suppose the large ball^ fig. 32, to weigh 12 pounds, 
Fig* 32. and that the fulcrum a ia 

three times as far from the 
small ball as it is from the 
large one, then 4 pounds 
at c will balance 12 pounds 
at 6, and so in this pro- 
portion let the weights and 
the corresponding lengths, of the two arms of the lever 
tbe what they may. 

From experiments made with the leyer, the following 
proposition may be deduced as uniyersally true, viz: 
** That the force of the lever increases in proportion as 
the power is removed from the fulcrum, and diminishes 
in proportion as the distance of the weight from the ful- 
crum increases." 

By the following rule, founded on the above proposi- 
tion, the exact proportions between the weight, or resist- 
ance, and the power, may be found. Multiply the weight 
hy its distance frintt the fulcrum ; then multiply the power 
by its distance from the same poivt^ and if the products are 
equal, then the weight and power wUl balance each other. 
Suppose a weight of 50 pounds on the short arm of a 
lever 10 inches from the fulcrum, then the power of 5 



In fig. 32, what are the proportionate weights and length of the two 

amu? 
What important proposition is stated on the subject of the lever ? 
Jij wluttrale may be the proportions between the power and the 

weight be found? 
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pounds would balance this at 100 inches from the fulcrum 
mi the long ana of the lever, because 50, multiplied by 
10, is 500, and 5, multiplied by 100, is 500. 

The common steelyard ia a leyer with unequal arms. 

If the beam a be 7 inches long, and the hook c, fig. 33, 
be one inch fi'om the end, then a pound weight on the 

Fig. 33. 




beam, or long arm, will require an additional pound 
at h for eveiy inch it is moved from the fulcrum, or 
hook c. 

In the lever above described, the fulcrum is between 
the weight or resistance to be moved, and the hand, or 
moving power. . 

In the second order of levers, the weight is betweei^ 
the power and the fulcrum. In other words, the weight 
to be raised, and the power which gives it motion are on 



How is this rale Ulnsdrated 7 

In the steelyard which is the weight, which the short arm, the long 

arm, the power, and the falcram? 
In the second order of levers what are the relatiTO positions of the 

weight, power and fillcmm T 
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Fig. 84L the mue tide of the azif of 

f ^vBKudon. TbuanangvineBt U 
lepresented by % • 34, where a 
is the weight, b the krer, e the 
fiilenim, the hand heiag the 
power. 

In a lever of the first kind, 
the force is gained hj hearing 
down the long arm of the lever, 
which is called prying. In 

the second kind, the force is gained hj canying the long 

• arm upward, and is called lifting. 

Levers of the second order, are not so cemmonlj em- 
ployed for mechanical purposes as those of the first, but 
often come into use for peculiar purposes. The oars of 
a boat are an example. The boat is the weight to be 
moved, the hands are the power, and the water against 
which the oars push is the fulcrum. 

Two men carrying a load between them on a pole, is 
abo an example of the second kind of lever. In this in* 
stance each man acts as the power in moving the weight* 
and at the same time each becomes a fiilcrum with re* 
spect to the other. 



In leren of the first kind, how u the force gained ? 
In those of the second kind, how is the force |;ained f 
What are examples of levers of the second kind? 
When two porters carry a weight upon a pole, what part is the fol- 
cram, and what the power f 
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A load «t J[»fig*85, is e^iiaUjr divided faetireenllie tvo 
handai being in the ee&tiei but if its positioftbe dbaaged^ 

Fig, ^. 




each man's burthen becomes increased or diminished, in 
proportion as it approaches or recedes from him. 

In a lever of the third kind, the power is applied be- 
Fig. 36. tween the weight and the 

fulcrum, as represented in 
fig. 36. 

This kind of lever is em- 
ployed where great velocity 
is required at the end of the 
long arm, rather than great 
force in overcoming resist- 
ances. 

In angling with a rod, the right hand becomes the fU- 
crum, the left the power, and the fish the weight to be 
moved. Here the point to be gained is the velocity of 





In a lever of the third kind, where is the power applied 7 
What illoftrations are given of thia lever ? 
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the long arm by a small molidn of the short one. In 
Tmmaoig a ladder firom the ground to the roof of a house, 
the 'same principle is involved. Here the ground is the 
fulcrum, the strength of men the power, and the long 
arm of the lever the weight to be raised. 

The bones of the human arm, and indeed those of the 
limbs of most other animals, act as levers of the third order. 

In the human arm the fulcrum, or axis of motion, is 

the lower end of the humerus, a, which forms the elbow 

Fig. 37. joint with the two bones 

of the fore-arm, fig. 37, 
the power is the muscle 6, 
the contraction of which 
moves the fore-arm, or 
lever c, and with it the 
O'^^^a^^^^gl^MP^ weight in the hand. 

In this instance the 
power is apphed as a moving force, to great disadvantage 
on account of its nearness to the centre of motion. But 
this loss is abundantly compensated by other advantages, 
especially the velocity of the hand, and the universal 
motion and compactness of the whole limb. It will be 
seen, also, that greater average power than exists, could 
seldom be employed in the arm. 




What kind of le^er does the haman arm iUastrate 7 
Where a the axis of motioii in this lever 7 
What is the power applied to this lever 7 
Is this a powerfal lever or not 7 
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dmgfotmd Lever. When seversi lefem are 00 com- 
Inned as toact on each other, the whole becomes a com* 
ptnmd lever, ^ 

In this machine each lever acts as an individual, and 
with a force equal to the action of the next lever upon it; 
hence the whole force may be increased to any extent 
the materials will bear. 

In many kinds of machinery this lever, moved by the 
hand of a man, produces the most surprising force. We 
can here illustrate it only by a single example. 

Fig. 38. 




Tigs 38 represents a compound lever, consisting of 
three simple levers of the first kind. The power of this 
lever is calculated by the rule already recited for a simple 
lever, viz. the length of the long arm is multiplied by the 
moving power, and that of the short one, by the weight 
or resistance. In this example, we will suppose that the 
levers are all of the same length, the short arms being 2 
incites and the long ones 6 inches ; required the weight 



What if a componnd lever ? 

Explain 6g. 3oi and show why 1 ponnd at « will balance 27 pounds 
at 6. 



which t»e pooad at a. will balance at 8. In lbs first 
{dace, 1 pound at «, would bolaooe 3 pounds at c, for die 
lever being 6 inches, and the power 1 pound, 6 x 1 = 6, 
and the diort arm being 2 inches 2x3 = 6. The long 
arm of the second lever being also 6 inches, and mored 
by a power of 3 pounds, 3 x6= 18; and multiply the 
length of the short arm,being2incheB,b7 9= 18. The 
power at d, therefore, is 9 pounds. 9 X 6 = 54, and 
27 X 2 = 54 : so that one pound at a will balance 37 
pounds at b. 

WHEEL AND AXLE. 

The wheel and axle is the next simple machine, or me- 
chanical power. 

Fig. 39. This consists of two 

wheels, one of which is 

smaller than the other, 

and which is called the 

axle, a marks the first, 

and b the other, fig. 39. 

They both turn on a 

common centre. 

The manner in which 

this machine acts wilt be understood on inspecting the 

figure. The large wheel a, on tumingthe machine, will 

What does the wheel and aile eoniiat oft 

What a dte principla on which the wheal and vd* opsnlM T 

In thU macbina where ii the fulcrum I 



take up* or throw cff as mudi more rope than the small 
one 6 as its circumference is greater* If the circumfer^ 
ence of a be four times that pf 6, thep one pound sus- 
pended at d will balance four pounds at c, hanging on 
the opposite side of the asle. 

The principle of this machine is that of the lever. 
Fig. 40. The two weights, fig. 40, hanging on 
opposite sides, the one on the wheel at 
a, and the other on the axle at 6, act in 
the same manner that they would do, 
were aba. lever, of which the common 
centre of the two wheels were the ful- 
crum. Hence the wheel and axle acts 
as a constant succession of levers, the 
long arm being equal in length to half 

the diameter of the wheel, and the short one to half that 
of the aide. 

This is the common machine for raising heavy goods 
into lofts. Its power may be increased to any amount 
allowed by the strength of the materials of which it is 
made, by increasing the diameter of the great wheel, or 
in eflfect of extending the long arm of the lever. But 
when of great power, it operates with proportionate 
slowness, for as the axle revolves no oftener than the 




Explain fig. 40. 

How may the power of this machine be increased ? 

What inconvenience attends increasing its power f 
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wheel, a great length of rope, and many rerolutioiis, are 
required to raise the weight a few feet 

Suppose the wheel to he 15 feet in diameter, and the 
axle 8 inches in diameter ; then as about three times the 
diameter is the circumference of a circle, the circumfer- 
ence of the wheel would be 45 feet, and that of the axle 
2 feet, consequently 45 feet of rope must be pulled down 
in order to raise the weight on the axle 2 feet. 

The capstan employed on board of ships, for hoisting 
the anchor, is merely an upright axle turned with levers, 
placed in holes made for that purpose, in the head or 
drum. Around the body of this axle the cable is wound, 
and the force is applied by pushing at the lever, instead 
of pulling at a rope as in the wheel and axle. 

' The common windlass for drawing water, acts on the 
same principle.. This is placed in a horizontal position, 
and instead of a wheel, or lever, the force is given by a 
winch, which, indeed,, is nothing ha& than a lever, turned 
by the hand. 

By the double axle^ a 5, fig. 41, a great force may be 
obtained in a small space. Its mode of action is easily 



Sappose the wheel to be 15 .feet, and the axle 8 inches in diameter, 
bow much rope must bb drawn, in order to raise the weight 2 
feet? 

What is the capstan, and what is its principle of action ? 

How does the common windlau differ from the wheel and axte, and 
the capstaB ? 
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Fig.4L underatood. On turn- 

ing it, a rope unwinding 
from the small end a, is 
taken up by the large 
end by so that the rope 
sustaining the weight 
must be shortened at 
every turn by the differ- 
ence of the circumfer- 
ences of the two ends. 
This machine, ahliough it has the convenience of oc- 
cupying little room, and is sufficiently powerful, has the 
disadvantage of moving the weight very slowly, and hence 
is not in general use. 




COMPLEX WHEEL WORK. 

In various machines it is required that the force should 
be transmitted from the place where the power is applied, 
to some dbtant part of the buildings or that it should be 
varied in kind or degree. For these purposes, complex 
wheel work is employed, and this is varied in kind and 
in form, according to circumstaiu^es; 

A combination of wheels and aode^ in illustration of 



What are the objections to the doable axis I 
Explain fig. 42, and show the manner in which the fi>rce is transmiU 
ted from the first, t»the'last wheel? 
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Fig. 43. the maniierin which me- 

chanical force maj be 
transmittedy or velocity 
increased, is represented 
by fig. 42. The first 
axle, a, acts on the. cir- 
cumference of the sec- 
ond wheel with a lever- 
age power equal to i£s radius, or half its circumference. 
The second wheel in its turn acts with a leverage equal to 
its radius, being moved by the axle of the first, and at 
the same time acts by its 'axle on the circumference of 
the third, the fourth being moved in the same manner by 
the third axle, and thus the weight is raised. ^ 

In this case the wheels are supposed to work without 
teeth, but by the firiction of their surfaces. In light work 
where the force required is not very considerable, this 
method of connecting wheel work is often adopted with 
advantage. The fiiction of the surfaces is increased by 
cutting the wood so that the grain of the surfaces in con- 
tact, shall run in opposite directions. A saw-mill has 
been constructed on this plan, and is said to work well 
after being twenty years in use. 

The circular motion is often communicated to ma- 
chinery at a distance from the prime mover, by the fric 



What is said conceming the moTemeat of wheel work by the friction 
of their surfaces? ^ 
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Fig. 44 



tion of bands or cords. When bands are emplojed, they 
pass oyer the surface of a plane cjrlinder ; but the friction 
of cords is increased by letting them run in a sharp 
groove in the edge of the wheel. Where two wheels are 
eonnected in the shortest manner possible by a cord, they 
Fig. 43. both move in the same direction 

as seen by fig. 43. But if the 
cord is crossed, they move in op* 
posite directions, ftjg. 44. 

The most common method of 

moving wheel work is by means 

of teeth cut in the circumference 

of the wheels ; and where great 

intensity of force, or velocity is required, several wheels 

are employed. In the adjoining figure, 45, three wheels 

Fig. 45* are thus connected. The 

teeth on the axle of the first 
a wheel, a, act on six times as 
many teeth in the circumfer- 
ence of the second wheel, 5, 
and thus a turns six times, 
whUe b turns only once. In 
the same manner, the second 
wheel, by turning six times, 
turns the third wheel, c, onoe ; 





How are bands and cords mod in the moyement of machineir 1 
Explain fig 45, and show how the power at a is transmitted to the 
weight 
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the fiist wheel, therefore, turns 36 times for one turn of 
the last. Now as the diameter of the wheel a, is three 
times as great as that of the axle c, to which the weight is 
attached, and as a makes 96 revolutions, while c makes 
only one, therefore, three times 36 will give the weight 
which a power of 1 pound at a would balance at c. Thus 
3 X 36 = 108 ; one pound at a, will balance 106 pounds 
at c. 

It is hardly necessary to repeat, that these wheels, by 
means of their teeth, act on the principle of the com- 
pound lever^ 

THE PULLEY. 

The pullet/ is the third simple machine. It consists 
Fig. 46. of a wheel with a groove on the edge, and 

which is made to turn' on its axis, by a cord 

passing over the groove. 

This machine is in very common use, being 
one of the chief mechanical powers used on 

• board of ships. 
The pulley is considered simple^ when only 
one fixed wheel is employed, and compound^ 
or a system of pulleys^ when several are con- 
nected. 
Fig. 46 represents a simple pulley, with a fixed wheeL 





What is the princmle on which the toothed wheels fig. 45, act? 
What does the puUey consist of? :. „ « 

What is a simple pulley ? What is a compound pulley ? 
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One of the most obvious adraiitages of the pulley, is 
its enabling men to exert their own powers, in places 
where they cannot go in person. Thus, by means of a 
rope and wheel, a man may stand on the deck of his 
ship and hoist a weight to the topmast. 

' In the use of the fixed pulley there is no mechanical 
advantage, except that which arises from avoiding the 
friction. A rope sliding with equal' ease over a smooth 
surface, would give all the advantages of the wheel. 

The advantage derived from this machine in raising 
weights, is entirely owing to the division of the weight 
among the strings employed in suspending it. 

In the simple fixed pulley, fig. 46, it is obvious that it 
would take 10 pounds on one side of the wheel, to bal- 
ance 10 pounds on the other. To lift 10 pounds with 
such a pulley, would therefore require a greater force 
than to lift the same weight without it, since the fi*iction 
of the wheel would add to the force required. 

In the single movable pulley, fig. 47, the same rope 
passes from the fixed point a, to the power j^. Here the 
weight is sustained equally by the two parts of the cord. 
If, therefore, the weight to he 20 pounds, 10 will be sup- 



What are the most obvious advantages of the pnlley 1 
Is there any direct mechanical advantage in the pulley ? 
In raising a weight, what is the advantage of this machine ? 
Suppose the weight tp, fig. 47, be 20 pounds, what power at^ would 
sustain it ? 
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Fig. 47. ported by one cord, and 10 bj the other. 
^^BMMp It will, consequently, require only 10 
jB| pounds U p to balance 20 at le. A persoD, 
I I then, pulling at^, can raise twic? his own 
I 1 weight. The mechanical advantage of this 
B I'^arrangement is, therefore, as two to onet 
^L because the weight is divided between two 
^^ strings. 
Fig. 4S. If the number of cords are increas- 

ed, the weight, or resistance, may aleo 
be increased, while the power remuna 
nearly the same. 

IPig. 46 represents a combinatiDn of 
four pulleys, three of which are m»- 
vable, and one is £xed. 

Now suppose the power,^, to weigh 
10 pounds, then it would support SO 
pounds at the second pulley 3, becau» 
the half would be sustained by the 
fixed end of the cord. The pulley 1, 
would therefore sustain 30 pounds, 
die same being also sustained by the 
pulley 2, because 1 only serves to change the direction of 
the cord. The pulley 3, acting with a power of 20 



How ii it thalft p«TKiD palliiig up, c 
How ii it ahowD bj fis. 4B, that t&e ■: 
> CoorI wwght^ irtbe anmber or coiiii ue increued r 
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pounds, would require a weight of twenty pounds to 
balance it, and thus 40 pounds at 3, would be. required 
to balance 10 pounds at jp. Double this weight, by the 
same law, would be sustained by the pulley 4, with a 
omilar power ; and thus a weight of 80 pounds at w 
would be balanced by 10 pounds atp. 

It is thus plain that in such a system of pulleys as the 
above, each rope and pulley which is added, admits of 
am addition of double the former weight, the power being 
but little increased. Thus, by adding another cord and 
pulley to fig. 48, the weight to balance 10 pounds at jp, 
would be nearly 160 pounds. 

In these estimates, we have not made any allowance 
for the weight of the pulleys, nor the friction of the 
cords. In practice, however, it is found that nearly one 
third must be allowed for friction, and therefore to raise 
a given weight, the power must be increased about this 
amount above that allowed in theory. 

THE INCLINED PLANE. 

This is the third mechanical power. It consists of 
any sohd plane surface inclined in any direction, and 
a)ong which a heavy body may be rolled. 

In a lyitem of i>a]ley8 what proportion of weight may be added ibr 

every additional cord ana pnlley 7 
Id makio||[ oalcolations on the toree of machineiy, how much does 

practice differ from theory 1 
What is an inclined plane T 



M 
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We see this power constmeted evay day, for tempo*- 
nry puiposes. A plank with one end resting on the 
ground, and the other elevated to anj place, where it is 
desired to roll a weight, as a hogshead of sugar, or a 
barrel of cider, is an example of this power. 

The inclined plane becomes a mechanical instrument 
only in consequence of its supporting a part of the weight, 
and thus reducing the quantity of power which would 
otherwise be necessaiy to raise a heavy body. Thus 
less power is required to roll a barrel of sugar into a cart, 
along a plank, than to lift it by direct force. 

The greater the inclination of the plane, the greater, of 
course, must be the power required to elevate a given 
weight along its surface ; for when the plane is horizon- 
tal, it sustains the entire weight, and when vertical, or 
perpendicular with the horizon, it bears no part of it. 
The power must, therefore, be* in proportion to the 
rapidity of the inchnation. 

Fig. 49. 




In what manner does the iBcIined plane become a mechanical 

power ? 
What proportion does the power bear to the inclination of the plane 1 
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If the plane from a to b^ fig. 49, be double the length 
of the perpendicular height from a to d^ then a power 
equal to one pound, will balance two pounds anywhere 
between b and a. 

It will be evident, by a glance at the figure, that were 
the line from dto a extended, or in other words, the in- 
clination of the plane made greater, that a greater power 
would be required to balance the same weight, and that 
were the inclination made less, a contrary efiect would 
result 

THE WEDGE. 

The next mechanical power is the wedge. This may 
be considered as two inclined planes with their bases join- 
ed, and forced forward between two resistances, fig. 50. 
Fig. SO. The force of the wedge depends much on 
its shape. If it be acute^ or its sides little in- 
clined to each other, its force with the same 
power is greatly increased; while if its shape 
is obtuse, or its sides greatly inclined, its force 
with an equal power is in proportion dimin- 
ished. Every one who has applied this power 
to the cleaving of logs,' is practically sensible 
of this difference. A wedge of great obliquity 




Explain fig. 49. 

How is the wedge similar to the inclined plane ? 

On what does the force of the wedge depend ? 

What mast be the shape of the wedge to give it the greateel force T 
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fequires hard blows to dri?e it forward, for the same 
reason that a plane much inclined requires a strong 
power to roll a heavy body up it There is much diffi- 
culty in estimating the power of this machine, but wb 
know that it is exceedingly great, from its effects. 

The largest ships of war, preparatory to launching, 
are raised up by this power. 

Chimneys which, happen to incline, are sometimes 
made erect by the same means. An engineer in London, 
who had built a very lofty and heavy chimney for his 
steam engines and furnaces, found, after a time, that it 
was beginning to incline, but by driving wedges under 
the depressed foundation he succeeded in restoring it to 
perfect uprightness. 

THE SCREW. 

The screw is only a modification of the inclined plane. 

It is a continued inclination running in a spiral direction. 

The ascent to a tower, whether on the outside or inside. 

Fig. 51. is an inclined plane, furnished with 

steps for the convenience of visitants 

The correspondence between the 
screw and the inclined plane, is seen 
in fig. 51, which merely represents a 
piece of paper cut into that form, and 
wound around a spindle, or cylinder. 




What is the screw a modification of? 

How may the correspondence between the screw and the inclinlSl 
plane be shown? 
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The force of the screw becomes avaOable hj its con- 
nection with another serewvcalled the nut^ through which 
Fig. 52. it passes, by means of a spiral 

^tg^atmm^^im^ groove, and which closely fits the 
^^j^b^^^ thread of the screw. 
^^^^^^^T For some purposes, the nut is 

■ SI fixed, and the screw being turned, 

■ SI advances through it ; while for other 

■ SI purposes the screw is fixed, and the 
I ^^^ I nut advances. 

jS^^^^^JL Fig. 52 represents a screw of the 
^^^^^^^^^m first kind, such as is used for press- 
ing paper, apples and grapes. It is 
also used in pressing cotton, and 
such is its power, that it reduces the 
great spongy bales of that substance* 
a few of which, comparatively, would 
fill a ship, to such compact masses 
as to sink in water.. 

Fig. 53 represents a screw of the 
second kind. In this, the screw is 

fixed, while the nut advances upon it, on being turned by 
the attached lever. 

The screw cannot alone be applied to any practical 
purposes, a lever, or some other power, being necessary 



Fig. 53. 




In what manner is the power of the icrew made araUable 7 
What are two kinds of screws described? 
Can the screw alooe be applied to any practical purpose 7 
What other power is necessary for this purpose 7 
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to drive it forward. Its foree^ therefore, depends on the 
power of the means thus employed. 

With the lever and screw a compouiid machine is 
formed, whose force is limited only li^r.the strength of the 
materials of which it is constructed. By means of an 
iron screw, and a lever of the same, a force may be ob- 
tained, which is unequaled by any other human invention, 
and in general is sufficient for every purpose to which 
mechanical action can be applied. Still, had we some 
material, ten or twenty times as strong as iron, a degree 
of force proportionate might be obtained by this machine. 

We have thus described and illustrated the mechani- 
cal powers, usually termed simple. They are five in 
number, viz.: the Lever^ Wheel and ilxZe, Pulley^ 
Wedgey Inclined Plane, and the Screw. 

A little reflection will show, that although the mechan- 
ical powers have been, as usual, described and illustrated 
under five distinct heads, yet in reality they are but two 
in number, viz.: the lever and the inclined plane. The 
others may be considered species of these two; the wheel 
and axle and pulley being species of the lever ; and the 
wedge and screw being species of the inclined plane. 

In compound machines several of the simple mecfaan- 
icial powers are always involved, and in some instances 
all of them are employed. 



What is iaid of the combined force of the icrew and lover 7 

How many simple mechanical powers are there, and what are their 

names 7 
Into what two powers may these be resolTQd 7 



Fig. 54. 



An engineer, for the purpose of draving a ship ^taa 
the water to be repaired, employed a machine which com- 
biued, with the exception of the wedge, all the mechan- 
ical powers, viz. : a, fig. 54, the lever, b, the loheel and 
axk, c, ibepnllei/, d, the ittclined plane, and e, the screm. 

Now to estimate the force of the whole machine it is 
necessaiy to know the length of the lever, the diameter 
of the wheel, the number of pulleys, &c. 

Suppose, then, that the handle a, be a lever of IS inch- 
es ; the distance of the threads on the screw X inch ; the 
diameter of the wheel 4 feet ; the diameter of the axle 
1 foot ; the number of strings 4, one of the pulleys being 
fixed, the other movable ; the height of the incUned 
plane, equal to half its length. 

By calculations which it is needless to detail here, al- 
lowing that a man turns the handle, a, with a power 



100 NATUKAL FBILCMIOPBT. 

equal to 100 pounds, the force exerted by this machine 
du the ship is found, by the abore elements, to be equal 
to about 361,812 pounds, or 161^ tons. 

The wants and the ingenuity of man have been the 
means of indenting and constructing a great variety of 
mechanical instruments for different purposes, and which 
it would require volumes to enumerate and describe. 
The history of the different kinds of printing presses 
which have been invented, with ^drawings to iUustrate 
their several parts, would aloiie make a highly interest- 
ing and curious volume. But this is a subject for which 
we have no room in this little book. 



HYDROSTATICS- 

Hydrostatics is that branch of Natural Philosophy 
which treats of the pressure, and other mechanical prop^ 
erties of water, while in a state of rest Hydraulias^ 
another branch of this subject, treats of water and its 
effects, when in a state of motion. 

A fluid is any substance, whose particles are easily 
moved among themselves, as water ^ oil^ and air* Air is 
called an elastic fluid, because it is easily compressed inflo 

What amount of force is said to be gained by the eDgine, fig. 54 ? 
What branch of natural philosophy is hydrostatics ? 
What is meant by hydraulics 7 . What is a fluid? 
What is air called 7 Why is air called an elastic fluid f 
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a smaDer compass, Imt instantly regains its foimer 

when the pressure is removed. 

Water and other liquids are usually termed non^elastiR 

fluids, in order to distinguish them from air and the gases. 

But it has heen proved by Mr. Perkins, that water under 

a great pressure is slightly elastic Still, under all ordi- 

nary circumstances, water is a non-elastic body, and is, 

therefore, properly so termed. 

Pressure of Fluids. The particles of fluids are m> 

^dightly connected together that they press equally in 
every direction, and are equally pressed upon: each 
particle presses equally on all the particles ]yy which it is 
surrounded, and these in their turn press with the same 
force, and are equally pressed by the sides of the vessel 
in which the fluid is contained. 

Hence if a vessel be filled with water, and the smallesi 
portion of it be pressed, the whole mass feels the impulse 
in an equal degree, with that which is in contact with 
the pressing body. Thus, if a barrel be filled with wfr> 
ter, and the bung be driven in so as to press upon the 
fluid, the same amount of pressure, on the same dimen- 
sions of surface will be given on every other part of the 
barrel. If the pressure at this part be augmented, and 



What term is applied to water, to diatioguiah it firom air t 
la water perfectly non-elastic? 
What is said of toe equal pressare of fluids ? 
How is it shown that water preasea everywhere equally; when only 
preaied at one point 7 
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the fluid not allowed to escape, the barrel would bunt at 
the weakest point, however dinant this might be from that 
at which the pressure is made. 

The effect of this property which we. shall first exa- 
mine, is, that a quanti^ of water however small, will 
balance any other quantity however large. 

Fig. 55. If the cistern, a, fig. 55, be capable of 

f holding a hundred gallons, and into its 
side there be fixed a tube, c, holding only 
a single gallon, (the top of each being 
open,) on pouring water into the tube, 
the cistern would be filled with the flnid 
to an equal height with that in the tube. 
It is plain, therefore, that the gallon of 
water in the tube presses on the water in 
the cistern with a force equal to that with which it is 
pressed ; for, were not this the case, that in the cistern 
would rise above that in the tube. From this we learn, 
** that the pretture of a fiuid is lutt as its quantity, but tu 
its height, and that consequently a large quantity of vo- 
ter, exerts no greater force than a smfiUone, equalli/ high." 
Neither does the form or shape of the vessel in which 
the water is contained, produce the least effect in this re- 
spect, any more than its size or capacity. 

Vessels of all shapes, sizes or positions, having com- 
munications with each other, at- their bottoms, will be 

How is it proved ihnt 1 quantity or w&ter honever smftll, will batsDce 

another quantilj howerer large 1 
latbeprennreof aflnidinptoportiaiiloitshMght or iUqatnti^T 
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filled to exactly iho same levd, when water is pomed- 
into one of them. 

Fig. 56. TLia ia illustraled by 

1. 56, where it is snppo- 
. ]sed that the vessels there 
j represented, hare a com- 
mimicatioii with each 
-•other towards the bottom 
bj means of the tube, d. Now if water be poured into 
the globular vessel, a, so as to fill it up to the line b c, all 
the other vessels will be filled to exactly the same height ; 
and were the water to be poure'd into any one of the 
other vessels, this, aa well as the others would be filled in 
the same manner. 

We have already stated that the pressure of a large 
quantity of any fluid is no greater than a small quantity 
at the same height This may be still more satisfaGtorily 
demonstrated by means of two vessels connected by a 
Fig. 57. tube, with a spigot be- 

tween them, as repre- 
sented by fig. 57. 
J Suppose the leg, a, 
be filled up to d, with 
the spigot open, the 
other leg, b, would) of 



SuppoieaimmberorTaBiBlBof difforenl shapes and ■izeacomma- 
mcatinairith encholheT.how mayllwniiie WBlwlavel be ob- 
tained ID them dU ? 
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Qourse, from what we have already shown, he filled to the 
same height Now let the passage he closed, and a filled 
ta the brim, the fluid remaining at d in the large limb; 
then turn the spigot «, and the water will sink in a, and 
rise in 5, until both are exactly on the same leveL 

Now since the force of the pressure from each Iimb« 
meets at 5, it is plain that the force from the small limfa, 
is greater ihan that from the large one, otherwise it could 
not elevate the fluid in the large limb ; and that the su- 
perior force of that in a, is owing entirely to its greatier 
elevation, is e(]fually obvious, since the quantity in 6 u 
five or six times greater than that in a. But, notwitlb> 
standing this, when of an equal height they mutually 
balance each other, which could arise from no other 
cause, but an equal pressure from each limb. 

From such experiments two important conclusions 
follow, both of which are proved by daily occurrences. 
The one is, that water can never rise above its level, but 
being conveyed in pipes to any distance, and then suffer^ 
ed to escape, will rise as high as the source whence it 
came, that is, as high as its fountain. On this principle 
depend all the cheap and useful means of conveying wa^> 
ter by pipes, from elevated situations, to places where it 
is wanted, as the troughs along the road, for watering 
horses or for other uses, to the chambers, or tops of 
houses. Had the Romans understood this method, theii 



How 18 it proved by fig. 57, that a small qaantitj of water of a 
greater height will overcome a greater qaantity by ita presraie T 
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rwst aqttedttcts which were carried from ohe hill to anoth- 
er, at such enormous expenditures of life and money, 
would not have remained as monuments of their wealth 
and magnificence. *It is ohvious that these channels 
must have been regularly inclined planes, from the foun- 
tain to the city : othenrise the water would not proceed. 
Hence the necessity of those immense piles of masonry 
which continued these works from one hill to another, 
and which remain to this day. At present the same 
effect is produced, at a trifling expense, by tubes running 
along the valley and mounting up the hill. 

Fig. 58. The other conclusion is not less 

true, but far more extraordinary. It 
is, that the pressure of the water upon 
any vessel which contains it, or upon 
any space on which it rests, is not at 
all in pit)portion to the bulk or quanti- 
ty of the fluid, but only to the size of 
the surface against which it presses, 
and its height. 

To make this plain, suppose a, fig. 
58, is a vessel teh feet high and three 
fbet in diameter, filled to the brim with 



How were the Roman aqoedncts constructed? 

Whence arose the neceaaity of carrying these works Irom one bill 

to another t 
How may the same effect be prodacdd at the present day ? 
How is it shown by fig. 58, that the pressure of a fluid is as its height, 

and not as its quantity T 

8 
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water, and that the pressure on its bottom, and arowad 

its inner surface to the height of two feet, amounts in the 

whole to 500 pounds. Suppose also that the vessel, 6, is 

of the same diameter, but only two €eet high with the t<^ 

covered, and into this, there is inserted a tube, half an 

inch in diameter and as high as the vessel a : then if the 

vessel and tube be filled with water, the pressure on the 

bottom and sides of this vessel will be exactly equal to 

to that on the same extent of surface in the other vessel. 

Hence the pressure^ of a fluid is in proportion to it$ 

height f and the extent of surface on which it acts. 

An instrument called the hydrostatic bellows shows, in 
a very striking manner, the great pressure which a small 
quantity of water, applied iu a certain manner, will give. 
Fig. 59. This instrument consists of two pieces 

of board, connected together by strong 
water-proof leather,, in the manner of the 
common wind bellows, fig. 59, and fur- 
nished with a small tube into which the 
water is poured. The experiment may 
be made by placing weights on the upper 
board for the purpose of ascertaining 
accurately the amount of pressure. The 
diameter of the boards maybe a foot and 
a half,, or two feet (^ and provided the tube 
be only a few feet .in height, several hun- 
dred pounds wiU be raised on the upper 

^plain the conatraction and use of the hjdroftaticbellowi. 




board. Or, a person maj elevate himself by stanAng 
on it, and pouring water into the tube. 

SPECIFIC GRAVITY. 

The ipecific gravity of a body is its weight, when com- 
pared with the weight of another body of equal bulk. 

Some bodies of an equal bulk weigh six, eight, or ten 
times as much as others. Now by selecting some sub- 
stance with which erery one is acquainted^ and making 
tins the standard with which the weights of others are 
compared, we arriye at results which every one can un- 
derstand. 

Pure water is every where <^ the same weight, and is 
universally known ; this, therefore, has been made the 
standard of specific gravity, or the substance by which 
the weight of all other substances is tried. 

For this purpose the weight of water is taken as one^ 
while the weights of other substances are stated at two, 
three, or four, as they are so many times, bulk for bulk» 
heavier than water. 

The principle on which this method of weighing is 
founded, may be understood on a little reflection^ and is 
thus explained. 



What is meant by the ipecific graritj of a flubitanoe ? 

What ii the standard by which the specific grarities of snbstancts 

are calculated t 
For this purpose whal is the weight of water considered t 
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When anj solid anka in water, it displaces its own 
bulk of the fluid. Thus if a tumbler be exactly Wed 
with water, and a piece of marble an inch square be 
dropped into it, just the same bulk of the liquid will 
oyerfiow, and at the same time by the buoyancy of the 
water, the marble, while fd it, will weigh less by the 
quantity of the water thus displaced* If the piece of 
mikrble weighs 200 grains, and the water it displaces, 
weighs 100 grains, then the marble, while immersed, wiU 
weigh only 100 grains, and thus will lose the half its 
weight. 

Fig. 60. To prove this by ex- 

periment, weigh a piece 
of marble, or any other 
solid, accurately in the 
usual manner, and note 
the number of grainsw 
Then suspend the solid 
by means of a horse hsdr, 
or thread, from the scales, 
as represented by fig. 6O9 
and weigh it when suspended in a cup of water, removing 
the weights from the opposite dish until they are exactly 
balanced, and the weight thus lost, will show the weight 
of water equal in bulk to the solid. 




Why do solids weich less in water than out of it ? 
What is the method of weii^ing solids in water? 
How much less will a body weigh in water than in air ? 



SPECIFIC GRAVITY. W9 

If any substance weighed in this manner loses lifif i^ 
weight, it would show that it was just twice as heavy a« 
the same bulk of water ; if one third of its weight, k 
would show that it was three times as heavy as wa^er^ 
and so in this proportion, let its compeurative weight 
be what it , may. Therefore, a body having twice the 
weight of water is said to have a specific gravity of 2 1 
that weighing three times as much as water, a specific 
gravity of 3, and so on. 

It is plain, that the greater the specific gravity, the less 
in comparison will be the difference between the weight 
out of the water and in it, because each body of the same 
bulk displaces the same quantity of water, and some 
bodies of the same bulk, are many times heavier than 
others. Thus a piece of gold will weigh five times as 
much as a piece of marble of the same dimensions, and 
still it displaces no more water. Suppose a cubic inch 
of gold weighs 19 ounces in air, and 18 ounces in water, 
or when immersed loses a nineteenth part of its weight, 
this would prove that gold, bulk for bulk, is nineteen 
times as heavy as water, and therefore it would have a 
specific gravity of 19. 

To find the specific gravity of any substance, weigh it 
carefully in air, or in the usual manner, and note the 

Suppose a snbstance loses half its weight by being weighed in water, 

what would be its specific gravity ? 
Suppose a piece of gold loses a nineteenth part of its weight by im- 

mersyun, what would be its specific gravity f 
In what manner is the specific gravity of a solid found T 
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weight ; then weigh it in water, in the manner ahove ex- 
plained, and note the loss ; next divide the weight of ^e 
bodj in air, hy its loss in water, and the answer will he its 
specific gravity. 

Thus suppose that 20 ounces of silver loses in water 3 
ounces, then 20 divided bj 2 will give 10, for the specific 
gravity of silver ; and suppose the same quantity of tin 
loses 3 ounces, then tin would have a specific gravity of 
6. 6, which is nearly the truth with respect to these 
metals. 

HYDROMETER. 

Hydrometer is a term derived from two Greek words, 
and signifies measure pf water. It is an instrument by 
which the specific gravities of liquids are ascertained* 
It is constructed on the principle, that the greater the 
weight of a liquid, the greater will be its buoyancy. The 
fact, well known to seamen, that a vessel sinks deeper in 
fresh water, than in the sea, is an illustration of this 
principle. Sea water, in consequence of the salt it con- 
tains, is more weighty than fresh, and hence has a great- 
er buoyancy. 

It is found by experiment, that a body weighed in wa- 
ter loses more of its weight than when weighed in alco- 



What illastrations are given ? 
What does the term hydrometer signify ? 
What is the ase of the hydrometer ? 
On what principle is this instrament constructed ? 
Why does a body lose more of its weight when immersed in water 
than in alcohol ? 
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hol ; if, therefore, an mstniment be so constntcted as to 
float in both these liquid9, it will sink deepest in the latter, 
and if it be properly graduated, it will show the compa^* 
ative difference in this respect 

Fig. 61. Fig. 61, represents such an instrument. It is 
composed of a hollow ball, generally of silver, 
with a graduated scale, 6, rising from its upper 
part, and a weight a, beneath, the ball being be- 
tween them. 

To prepare this instrument for use, weights in 
grains, or half grains, are put into the ball, a, 
and it is tried in water until the fluid coincides 
.exactly with a certain mark on the stem. This 
mark then becomes the standard of comparison 
between water and any other fluid into which it 

is plunged. If the fluid is heavier than water, the scale 
will rise above the surface in proportion, and if lighter 
than water, it will sink in proportion to the difference. 
The scale being marked off into degrees, which indicate 
grains in weight, the specific difference between water, 
and any other fluid is at once seen. 

In estimating the specific gravities of solids, we have 
akeady seen that water is taken as a unit or 1, being the 
standard of comparison for other bodies. In taking the 
specific gravities of liquids, water holds the same rank* 



How is the hydrometer prepared for use ? 

in taking ihe specific gravity of a liqaid, what is the standard of com- 
parison 7 
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wd is Ij 10, 100, or 1000, aecoiduig to the fractional 
numbers in which the specifio ffruviiy of any liquid is 

expressed* 

This will be understood bj an example. Alcohol be- 
ing lighter than water, has a specific gravily of with a 
fractional expression. The specific gravity of alcohol is 
expressed thus, 0.809, that is, 809, water being 1000. 
Sulphuric acid has a specific gravity of 1,6320, water 
being 10,000, &c. 

THE SYPHON. 

Take a tube, bent like the letter U, with equal branch- 
es, and having filled it with water, stop the two ends with 
the fingers, and in this state, place one end in a dish of 
water, letting the other end be a little the lowest ; then 
remove the fingers and the water will run through the 
tube, and continue to do so, until the vessel is empty. 



Fig. 62. 




This kind of tube is called a st/pkon, and 
is much employed by grocers to draw off 
their liquors, when it is desired not to disturb 
the sediment at the bottom of the cask. 

On the principle of the syphon, water may 
be conveyed over a hill by means of a lead 
tube, and delivered at any convenient place. 



Bv what igimben is this standard expressed ? 
How is the specific gravity of alcohol expressed ? 
Why is the cypher placed on the fell hand of these nnmbers ? 
How may a syphon be constructed ? What is the use of the syphon ? 
It is said that on the principle of the syphon water may be convey- 
ed over a hill. Explain fig. 63, and show how this may be done. 



pnmd«il this place be a foot or two lower than the fbiinr 
tain. In this loanner also, mioes situated bigber than a 
aoighboring valley maj be drained. 
Fig. 63. 



Suppose a, fig. 63, is a spring situated behind a hill, 
and it is desired to bring the water to b, for a useful pur- 
pose. This may be done in the following manner. A 
lead tube being furnished with a stop-cock at each end, 
is to be carried over the hill, from the spring to the reser- 
voir, b, attei which another stop-cock must be placed in 
the highest part of the tube. Then, the two ends being 
closed, fill the two limbs of the tube with water at the 
stop-cock, c. Having done this, let c be closed. Then 
let one persoa open the stop-cock at b, and another per- 
son a moment after, open that at a, and the water will 
flow from the spring to the reservoir. 

The principle of the sjphon, is founded on the pressure 
of the atmosphere, and is the same with that of the 
pump. The downward motion of the water by its own 

What ii ths principle of the ijphoa? 
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gravity firom the highest point of the tube, Gonstandy 
tends to form a vacaum from c to b; conseqnentlj the 
pressure of the atmosphere on the water of the spring as 
constantly forces the fluid up the tube, to take the place 
of that which is passing downward ; and as the tube is 
longest toward 6, there is the greatest weight of water on 
that side, and consequently the water flows in that direc- 
tion. 

In actual experiments of this kind, care must be taken 
not to permit the water to flow through the tube faster 
than it is supplied by the spring ; otherwise, when the 
spring is exhausted, and the tube becomes empty, the 
process of filling it again at the top of the hill, must be 
repeated. 

CAPILLARY ATTRACTION. 

It has been shown in the former part of the foregoing 
article, that when a fluid is left unconfined, it everywhere 
assumes the same height, and that its surface coincides 
with the horizon. But there is an exception to this gen- 
eral law, which will here be explained. 

If a glass tumbler of water be observed, it will be 
found that the water stcmds a little higher around the 
sides, where it meets the glass, than it does on the gene- 
ral surface. Now the same elevation would take place 



In the lyphoii, what is the pressure which forces the water up thm 

tnbe? 
In a tumbler of water is any part of the surface more elevated than 

another T 
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were lliese rides brought near together. Or in other 
words, were a tube substituted for the tumbler, the eleva- 
tion would extend across the diameter, and thus the whole 
column of the fluid would be higher on the inride of the 
tnbe^ than on the outride. 

The cause of this elevation, is called eapiUary attrac* 
tion. Capillary signifies hair^Uke^ and the name is 
applied to these tubes on account of their smallness. 
Generally, any tube which is less than the twentieth, 
of an inch in diameter on the inside is a capillary 
tube. 

If such a tube be placed in a verticcJ position, or near- 
ly so in a vessel of water, the fluid will rise on its inside, 
to a height proportionate to its smallness. If the diame- 
Fig. 64. ter be the fiftieth part of an inch, the 
water will rise an inch higher on the 
inside than it is on the outside ; if the 
hundredth part of an inch it will rise 
two inches ; if the two hundredth part 
of an inch it will rise four inches, and 
so on in this proportion, as the bore is 
lessened, as represented by fig. 64. 

This effect is supposed to take place 
in consequence of the attraction of the 




What ii Mid to caase the elevation of water in imall tuhes T 
What are these tubes called? 

To what is the rise of water in capillary tabes proportioned ? 
To what height is it said that water will rise in such tubes t 
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g^bws on the water bj which foMe k m drawn ahoye tha 
common surface of ihat on the outflide of the tube. 

To proTe the comparatiTe force between a small tube, 

and a larger one, if a tube be made smaller at one end 

than the other, as shown by fio:. 65, and after beiiur filled 

Fig. 65. with water be laid on its 

side, a portion of the fluid 

11 I *=''^-r^i^M^i^ ^ill ymj Q^^ ^^ ^g iMger 

end, but the remainder will 
be attracted towards the narrow part, and leaye the wide 
part empty, as seen in the figure. 

It is proper to mention that the action of these tubes 
depends on the nature of the substance of which thej are 
made, or of the fluid employed. If the glass tube be 
smeared with oil, the water will not rise at all, because 
oil and water do not attract, but repel each other. Dif- 
ferent liquids rise to different heights, but not as might 
be expected in proportion to their specific gravities. 

Capillary attraction performs many important offices 
in nature, there being many facts to be explained by this 
principle, which would otherwise remain mysteries. 
During times of long drought, the water rises from the 
deeper parts of the earth, to nourish plants whose roots 
are only just beneath the surface. 



What is explained by fig. 65 ? 

On wtiat circumstances does the action of capillary tabes depend t 
Why will not water rise in a tabe smeared with oil 7 
Do the heights to which liquids rise in these tubes depend on their 
specific gravities or not 1 
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Tke fiiet is well known, that the ground does not be- 
come dry to a depdi proportionate to the continuance of 
long droughts, and is satisfactbrilj accounted for on the 
principle of this kind of attraction. A dry lump of clay, 
laid so as to touch a little water, will soon be moistened 
throughout. 

The rise of the sap in plants, and its circulation, ap- 
pears to depend on the principle of capillary attraction. 

The fibres of cotton and flax, have the power of capil- 
laiy action. If a skein of thread, of either material, 
have one of its ends dipped into a vessel, half filled with 
water, the other end hanging over the side, the fluid will 
creep over the edge of llie vessel and escape, or. fall into 
another vessel prepared to receive it. In this manner, 
fluids may be transferred from one vessel to another. 



HYDRAULICS. 



' It will be remembered, that Hydrostatics is a branch 
of Natural Philosophy, which treats of the weight and 
pressure of fluids, or of fluids at rest. 

Hydraulics is that branch of Natural Philosophy which 
has for its investigation, the laws which regulate fluids 

in motion. 



What 18 said of capillary attraction in bringing np inoisture from 
beneath the earth's surface 7 

What is said of the sap of plants in connection with this subject ? 

How if it shown that cotton and linen thread have the power of ca- 
pillary attraction 7 What is hydraulics 7 
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The downward presBore of a fluid, is in exact propor- 
tion to the height of its column. Thus if in a tube of 
six inches in diameter, a gallon of water press on the 
bottom with a force equal to 5 pounds, another gallon on 
this would give a pressure of 10 pounds, another of 15 
pounds, and so in this proportion, to anj height the up- 
right tube ipight be carried. 

Fig. 66. If such a tube be pierced with 

several apertures, as represented 
hj fig. 66, the fluid with which it is 
filled, will spout forth in jets, each 
of which, in falling towards the 
ground will describe difierent 
curves, showing a diminution of 
pressure from the lowest to the 
highest. 

The quantity of water dischar- 
ged from an aperture of a given 
size is, under equal circumstances, in proportion to the 
pressure. But it is found by experiment, that a greater 
quantity is discharged through a short pipe, than through 
an aperture of the same size into which no pipe ia insert- 
ed. Thus if an aperture of one inch in diameter, be 




III what proportioD to its qaantity does watMr prew downward ? 
In an upright tube emitting jets of water, one above the other, whj 

do the cunres of the streams differ? 
I^what proportion is the quantity of water discharged to the 

pressore ? 
What is said of the quantities of water discharged through tobos 

and without them I 
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made through the side of a tin yeesel, it will not, under 
equal pressure, discharge so much water hy nearly one 
third, as another aperture fitted with a short pipe of the 
same diameter. 

Fig. 67. On varying the length of these 

pipes, it has been found, that the 
most rapid discharge is through 
a pipe, whose length is twice the 
diameter of its orifice, and which 
is tunnel-shaped or widest at the 
inner extremity, as represented 
at a, fig. 67. Such an aperture discharged 8*2 quarts in 
the same time, that another vessel, with the same sized 
aperture without the tube, discharged only 62 quarts. 

This difference is accounted for by the cross currents,, 
made by the rushing of the water firom different direc- 
tions towards the sharp edged orifice, and by which it i» 
broken and thrown into confusion, as shown at 5, fig. 67,, 
and hence the water issues in the form of a screw, or of 
fpray» firom such an orifice ; whereas the pipe seems to 
correct this contention among opposing currents, and to 
smooth the passage of the whole, as seen at a. 

Heating a liquid, increases in a remarkable degree the 
quantity discharged from an orifice or pipe, by diminish- 



Whtt are the eomparatire dtmeosions oC a pipe dischaFf ing ihot 
greatest qaantity of water ? ' 

hat ia Mid of discbafgioii orifieea with and without tabes t 
by do those with tabes discharge most water t 
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mg that cohesioii of tibe particles, which easts to a eer- 
taiB degree in all liquids. Hence the same pipe wiH did- 
eharge more fluid in summer than in winter, and much 
more hot water than cold. 

The velocity oF a current of water msj be ascertained 
by immersing in it a trumpet-shaped tube, with an elbow 
towards the mouth, which is to be opposed to the stream. 
The rise of water in the tube above the surface, will show 
the velocity of the river. 

Fig. 68. Yig. 68 represents such an instru- 

strument. It is graduated by actual 
trial, on currents of known velocity. 
For instance, a river is known to run 
at the rate of four miles an hour by 
the motion of a floating buoy, or log 
of wood, and this velocity raises the 
water to a certain height above the 
face, in the tube, say to a, where a 
[mark is made, and this serves ever 
^afterwards to indicate the same rate <^ 
motion wherever it is used. Other parts may be gradu- 
ated in the same manner, and when once such an in- 
strument is fini^ed, it may be copied without further 
experiment. 




Why does wann water flow faster than cold 1 
How may the velocity of a river be told ? 

Eiplain fig. 68, and describe how such ao instnuaent may be grad- 
uated. 
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KESISTANCE OF SOUDS. 

The resistance which solids, however smooth, offer to 
the motion of liquids, is much greater than is generally 
supposed. 

Im snail tubes, the surrounding sides, even when ^ 
made as smooth as rolled lead can be, still resist the 
passage of the water to a surprising degree. In the cen- 
tre of a large tube the fluid passes with comparative fa- 
cility, because the retarding effects of the friction, recush 
only p, short distance from the sides. These efiects of 
course reach as far in a small tube as in a large one, and 
if we suppose this to be an inch from the sides, in the « 
smoothest tube, it would materially affect the motion of 
a fluid passing through a two inch tube, and yet, such 
are the comparative effects of friction, that one of two 
inches, will deliver at the distapce of 100 feet, about five 
times as much water as another of one inch in diam- 
eter. 

The friction of water upon itself, or of one portion of 
water upon another, is such that a small stream, direct- 
ed through a pool with sufficient rapidity to rise above 
the opposite bank, will soon empty the pool entirely, the 
small stream only, continuing to run through its bed. 



What 18 said of the resistaoce of solids to the motion of fluids 1 
Why is it that a tube of two inches in diameter will deliver five 

times as much water as one of an inch in diameter 7 
How may the friction of water be made to drain marshes 7 

9 
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It is said that eztensiire fens or marshes, have been 
drained in this manner. The opposition of the sides of 
riTers and brooks to the motion of their waters, is per- 
petoallj illostrated by the swiftness with which they flow 
in the middle, when ccmipared with the sluggishness of 
their edges. The friction occasioned by the roughness 
of river banks, sometimes keeps the water next the shore 
nearly still, while a few rods off, it may run at the rate 
of five or six miles an hour. 

For the same reason, the water runs much slower near 
the bottoms of rivers than at the surface, as is often 
proved by the oblique position of floatiug bodies, which* 
in still water, would assume a vertical direction. 

FRICTION BETWEEN AIR AND WATER. 

The fiiction between air and water often produces the 
most magnificent, and sometimes the most disastrous 
consequences, for it is owing to this cause only, that the 
ocean rises into mountain-waves, before the force of 
which, all the works of man are as nothing. 

It is true, that waves are oft»n seen when the wind 
does not blow, or when it has ceased, because the ocean 



Why is the canrent of a river swiftest in the middle, and slowest at 

the shores 1 
In a river why is the water nearly still at the shore when ranning 

swiftiy a little way from it 7 
What great effects are produced by the friction of air on the ocean t 
V wind causes the ocean waves, whence ii it that high wares ars 

seen when there is no wind ? 
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when once set in motion continues to roll after the cause 
has ceased to act A boat rowed across a still lake» 
forms waves which do not refach the shore until long 
after the line of the boat has been obliterated. Even 
the small motion given to a surface of water hy the fall 
of a stone thrown into it, wiU be perpetuated for manj 
rods in circumference. This propensity in water to 
perpetuate any disturbance in the natural smoothness of 
its surface, is the reason whj the ocean often rises into 
waves, mountain high, beyond the reach of the storms 
which first set it in motion, and perhaps many days after 
the storm has ceased. Seamen often know from the 
appearance of the ocean, that there has been a storm at 
a distance, though not a sheet of their own has been 
filled with a breeze, for days or weeks. In this manner 
it is probable that the agitations of the wide oceans are 
continued for hundreds of miles beyond the causes, 
which set their waters in motion. 

In rounding the Cape of Good Hope, it is said that 
the swell of the sea is sometimes so vast, that each wave 
and each hollow is a mile across. 

During the continuance of the wind, and. in places 
where the waves are owing to its fricjdon alone, the effect 
msj be counteracted by pouring oil on the water, which 
spreading, defends it firom the contact of the air, and 



What is said of the effect of ftorms in moving the ocean at a die- 

tancet 
What is said of the use of oil in producing a calm on the eea? 
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tfaiM produces a calm. If this can be done at the wind- 
ward side of a pond where the waves begin, the whole 
sittfiicei it is said, wiU soon become as smooth as glass. 
It is said, also, that boats having to reach the shore 
through a raging surf, have been preserved in conse- 
quence of the sailors having thrown a barrel of oil on 
the water. 

FRICTION BETWEEN SOLIDS AND FLUIDS. 

There are few subjects in Natural Philosophy of so 
much importance in the practical arts, that is so little 
understood among mechanics, as that of friction between 
sohds and fluids. 

It is supposed bj many, and some even intelligent 
persons in other respects, that if a solid moving through 
a fluid, at a given rate, meets with a certain resistance, it 
would meet with just twice this resistance, were its rate 
of motion doubled, whereas in truth, when the velocity 
is doubled, the resistance is quadrupled, or becomes four 
times greater by a double rate of motion. 

Thus in relation to a steamboat moving through the 
water, the resistance increases as the square of the speedy 
so that if the speed be equal to 2 miles an hour, the re- 
sistance would be equal to 4, which is the square of 2 : 



In a solid mdving through water, what is the resistance in propor- 
tion to the speed ? 
If the speed be 2 what will be the resistance ? 
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but if the speed b^ four miles an hour, Ihje reaistajoyce 
will be 16, that is, the square of four, and so in this 
proportion. If therefore, one steamboat hm a yeloci^ 
of 10 miles an hour, the resistance of the water will be 
100, while another boat running at the rate of 15 miles 
an hour, will have a resistance equal to 15 x 15 =: 225. 

Thus to giye an additional speed of one thirds the 
power applied must be in the proportion of 225 to 100, or, 
in other terms j the captain of a steamboat must press his 
boiler with two and a quarter times as much power to 
go 15 miles an hour, as he does to go 10 miles an 
hour. 

From this we see the extreme danger of steamboat 
racing, or of attempting to push a boat beyond a certcun 
speed. The expense of fuel too, in increasing the 
speed of the boat, it must be obvious, will be in propor- 
tion to the increased resistance ; so that if it cost 100 
dollars to make a trip from Providence to New York, 
at the rate of 10 miles an hour, the cost would be 225 
dollars to run the same boat, an equal distance, at the 
rate of 15 miles the hour. 

The same law of resistance holds with respect to run- 
ning water and solids at rest. Thus the cable of a ship 



If the speed be 4 what the rasistanee f 

How much more force does U take to propel a steamboat 15, than it 

does 10 miles an hour? 
If it cost 100 dollars to ran a boat 100 mUea, at 10 miles an hovr, 

what would be the cost of running 100 miles at 15 miles an 

hoar? 
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anchored where the current ia at the rate of 4 mflecr an 
hour, has only one fourth the strain that it would did the 
tide run at the rate of 8 miles the hour. 

The same rate of increased resistance is opposed to 
the increased velocity of solids when they pass through 
the air, as when they pass through water. 

The greatest velocity of a cannon ball is 1,700 feet 
the second ; but after the first second, the velocity so di- 
minishes, as to fly no faster than another ball sent at the 
rate of 1,200, or 1,300 feet per second. It is found on 
trial, that it is useless, on this account, to discharge a 
ball at the rate of more than 1,200 feet per second, and 
that the distance to which it will fly, as well as the exe- 
cution it will do at a long shot, is fully as great when 
thrown at the latter, as at the former rate. 

SAILING AND STEERING OF SHIPS. 

The wind blowing upon the sails of a ship* presses 
her forward, however obliquely it may strike, because 
the keel and rudder, as well as the bottom of the vessel, 
prevents in a great degree, the side motion, or he-way^ 
as it is called. 

It is well known however, that ships sail faster when the 
wind is somewhat oblique, than when it is dead astern. 



What is said of velocity and resistance, when solids pass throo|^ 

air? 
What is said of the velocity of cannon balls in this respect? 
Why do ships sail forward when the wind is oblique ? 



SAILINCr AMB STEB&IN0 QiF SHIPS. < 
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The reason of this is, that when she goes directlj hefore 
the breeze, one sail, keeps the wind from another, while 
an oblique wind fills all the canrass, and thus eveiy saU 
acts to produce the general effect. 

In what is called beatings the sails are set with their 
edges as near the course of the wind as possible, and the 
. Tessel tacks on each side of the ^raight line she would 
take, if the wind was fair. 



Fig. 69. 




Thus a vessel bound from a to 6, 
fig. 69, while the wind blows from b 
to a, that is, directly ahead, is obli- 
ged to sail as close to the wind as 
^possible, in the first pla6e, saj from 
a to c. At c, she tticks and sails to- 
wards ^, with the left or larboard 
side to the wind, and at d turns 
again, and on the starboard tack 
reaches €, when she once more turns 
the larboard side to the wind, and on 
this tack sails into port at b. 

In steering^ it is wonderful to ob- 
serve with what apparent ease and 
facility, and safety a single man can 
guide a mighty ship, under full sail. 



Why do Bhips sail faster when the wind is oblique than when it is 

astern 7 
How do vessels reach their port when the wind is dead ahead? 
Explain fie. 69. 
Describe Uie manner of steering a vessel. 
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making her turn almost instantly, to the right or 1^, or 
go ri^ht ahead, at his will : and our wonder is not at aP 
diminished, when we see, with what a comparatiyelj 
little piece of board, turned one waj or the other, hm 
does all this. 

The rudder is a projection from the stem-post of the 
vessel, of strong oak, and well ironed, turning on hinges, 
in the manner of a door. In smaU vessels, it is turned 
by a lever, called the tUler^ which is moved from right to 
left hy the hands ; but in large vessels, the rudder is 
moved hj meaps of ropes passing from it to the wheels 
which is a perpetual lever, turned round by means of 
handles, and around which the ropes pass. 



Fig. 70. 




When the rudder is directed in a line with 
the keel; it has no effect on the ship's course, 
but when it is turned ever so little towards 
one side, as to &, on the lefl, or larboard 
side, fig. 70, the water immediately acts up- 
on it in the perpendicular direction c, 6, and 
pushes the stern to the right, or starboard 
side, in consequence of which the bow turns 
to the contrary direction. 

It is said that the form of the fore part of 
a ship has less influence upon her speed of 
sailing, than that part called the run, which 
reaches from the middle of the vessel to the 
stern post. 



What is said with respect to the form of a fast sailing ship ? 
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Wtoi tlie ship is at rest, there is of course just as 
flMoh fiNTWard pressure of the water about the stem, as 
ifaefe is backward pressure on the bow ; but when she 
•aMs, she is constantly running away from the propelling 
pressure from behind, and increasing the resisting pres- 
sure on the bows. Hence the form of the run, in a well 
built ship, or rather a fast sailer, must be such that the 
water can best escape, and at the same time apply itself 
most readily to press the ship forward by its action on 
this part It is almost obvious to any one, that were the 
stem of a ship a solid square, that she would as it were, 
drag the water after her, and therefore would be the 
worst of all sailers. The form therefore, must be such 
as to admit the water to slide away, and still by its pres- 
sure to help the ship forward. 

In passing through the water, other circumstances be- 
ing equ^, there is a considerable difference between the 
positions of vessels propelled ^ . steam and by wind. 
In those propelled by steam, there is a constant tenden- 
cy in the bow to rise, being lifted by the water, owing to 
its oblique form, while at the same time the stern sinks 
in proportion. But in vessels driven by wind, the tall 
masts act as a lever, and there is therefore a tendency 
to depress the bow and raise the stern. These defects 
in sailing are remedied by storing the cargo, forward, or . 
aft, according to circumstances. 



I ■■■■■« 



Why is there a difference in the movement of a ship and steam- 
boat? 
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In many instances it is found that ships after gding to 
sea, are sluggish sailers merelj because the storage is too 
far forwardy or too far astern, and become first rate sail- 
ers on shifting the cargo accordingly. The same is true 
with respect to steamboats, and indeed all kinds of wa- 
ter craft. 

MACHINES FOR RAISING WATER. 

From the earliest times, as well as at present, men 
have required the use of water at places where nature 
did not furnish it, and hence in all ages the inyentive 
powers of man have been exercised in forming conven- 
ient machines for raising this fluid either to the surfoce 
of the earth, or above it. Hence a great yarietj of cmi- 
ous, and some effective engines, besides the pump, have 
been contrived for this purpose. 

Among them one of the most curious is the Screw of 
Archimedes, a machine said to.be invented by that phi^ 
losopher, for raising water and draining the lands of 
£g7pt, about 200 years before the Christian era. 

The form of this machine and the manner in which it 
acts, will be understood by referring to fig. 71. It is 
sometimes represented with only one tube, or screw, 
our figure has two, by which a double quantity of water 
will be raised. In the description we shall refer to only 
one tube. 

Whttn and by whom was Archimedei* screw invented f 
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Fig. 71. A Bhaft of wood 

ipportB the tubes, ai 
ien in the figure ; 
tey ma^ be made of 
iftther, melEJ, or wa- 
T-proof cloth, and 
re open at both ends, 
le lower end being 
ipped in the water to 
) raised, and the up- 
per one diacharging it in an interrupted stream. The 
shaft turns on a support at each end, the lower one be- 
ing under the water. Aatbe machine now stands, the 
lower bend of the screw is filled with water. If now it 
be turned hj the handle from led to right, that part now 
filled will rise above the surface of the water, and the 
fluid hsTing no place to escape, will fall into the neit 
turn of the screw at a. At the next revolution that por- 
tion which before was at a, will he elevated to 6, for the 
lowest bend will receive another supply, which, in the 
mean time, will be transferred to a, and thus by a con- 
tinuance of this motion, the water will finally be eleva- 
ted and discharged, in an intermittiag stream at the up- 
per orifice. 

The principle of this machine is readily illustrated by 



winding a piece of lead tube rtNnidftiralkiiig Bti^aiid 
tfaentnmuig teiritole, with oDeeod in ■ dish of water. 
Fig. 72. The Ckm» Pvtg, is a compara- 

modem inTention. It <»nmsts 
aamber of pieces t^ board, tw 
imes of iron, d <2, fig. 73, of 
are foim, connected together 
1^ their centres by an iron rod, 
lints between each board, foiin- 
chain with long links. The as- 
ig side of the chain paises 
^ a square box, to which the 
ts or square pieces fit cloaely. 
It BO as to create much friction, 
lus the pump is formed. The 
wheel e, as well as the lower 
f the box must be placed under 
ater. The action of this ma- 
will be understood bj inspecting 
^e. Ever^ bucket as it enters 
1 it a quantity of water, and al- 
though a part of each portion leaks out, yet as its place 
is constanlly supplied by the uext bucket, a large quantl- • 
t^ eventually arrires at the top of the box or trunk and 
is discharged. 

The chain pump is turned by a crank in the centre of 
the upper wheel, not seen in the drawing, and as the 
buckets follow each other in rapid succession, it will, 

Wbit doM the chiin pnnip connat of T Hoir is it Ibnned T 
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vbenwellcoDnracted, elerate a large quaiitit}r of vatw. 
This kiod of pump u used on board of ships. 

THE WATER-RAM. 
This is one of the most simple, and philosophical 
machines of which hjdrauUcs can boast Its action de- 
pends entirelj upon the momentum that is generated 
wbenerer a body is put into motion, and its eSect is so 
great as to gire the apparatus the appearance of acting in 
defiance of the established laws of hjdraulic equilibriuiD. 
A hint which led to this invention was probably taken 
from the fact long obaerred, that when a stream of wa- 
ter passing swiAly through a long pipe, is suddenly inter- 
rupted, the pipe sometimes bursts In consequence of the 
shock. The reason is, that the forward motion of the 
whole column of water contained in the pipe being in- 
stantly arrested, and the momentum of a liquid being 
as great as that of a solid, the water strikes the impedii- 
ment with as much force as if it were a bar of metal, 
baring the same weight and velocity. 

Fig. 73. The water-ram 

may bedescribedas 
follows. The slo- 
ping pipe, a, fig. 73, 
conreys the water 
from a reservoir or 
ufountain, situated 
~ at the height of a 

What i* said of tba wsur-ram u a hydtMiIic ajacbiaa 1 
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few feet above the horizontal part of the tube. It is 
found, hj experiment, that a pipe 30 feet long, two inch- 
es wide, and sloping sul feet, filled with water, and 
allowed to run for one second, acquires such a moment- 
um as to drive half a pint of the fluid, on suddenly 
shutting the valve, to the height of 40 feet. Such an 
apparatus, therefore, with the valve shutting every 
second, will raise about 4 gallons to that height every 
minute. In the lower part of the figure, c is a valve 
opening downwards, and this remains open, and permits 
the water to escape for an instant, when it suddenly 
closes by the force of the current. The stream being 
thus interrupted, its momentum opens the valve e, and 
a quantity of water rushes into the air vessel, the upper 
part of which receives the pipe, dj through which the 
water is thrown to the height required. The valve, e, 
opens upward, so that the water cannot again return to 
the tube. 

We suppose, now, that the water in the tube is stiU, 
and therefore the current which closed the valve, c, has 
ceased ; consequently the valve, being constructed for 
such a purpose, falls down by its own weight and the 
stream begins again to flow ; this gives momentum to 



What is said to be the comparative force of a pipe of water whea 

suddeoly checked ? 
What mast be the size and length of the pipe, and the height of the 

soorce, in order to throw water 40 feet high by means of the 

water-ram 7 
Explain the action of the water-ram and show why the fluid is thrown 

up the tube ? 
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the wb<)le column of water, which again closes the valve, 
and throws the water into the air vessel as before, and 
so on, alternately and perpetually. 

The use of the air vessel into which the water is thrown, 
is to give, by its elasticity, a constant pressure on the wa- 
ter in it, and thus to force if in a continued stream through 
the pipe, the end of which dips into its upper surface. 

This machine may be made at a small expense, and 
where only a small quantity of water is wanted, answers 
a good purpose. 



PNEUMATICS. 



This term comes from the Greek word pneuma^ which 
signifies breath or air. It is that science which treats of 
the equilibrium and motion of air. 

The atmosphere which surrounds the earth, and 
which we breathe, is distinguished by the name of mr, 
while other permanently elastic fluids, are known under 
the name of g€ues. 

The atmosphere extends to the height of about 45 
miles over every part of the earth. Air is about 800 
times lighter than water, for if a vessel of a cubic foot in 
capacity be exhausted of its air, its weight becomes an 

What does the term pneumaticB mean? 
What terms dittingauh the atmosphere from the gaaes f 
To what heiffhtdoes the atmosphere extend f 
How much fighter is air than water Y 



n 
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ounce and a quarter lighter than before^, while the 
vessel filled with water, weighs 1000 ounces more than 
before ; so that the weight of air and water are to each 
other in the proportion of 1^ to 1000. Now 1000 divided 
by 1^ gives 800, so that water is 800 times heavier than air* 

Elasticity of the air. Air is readily compressed so 
as to occupy a much less space than before, but as soon 
as the pressure is removed, it instantly acquires its origin- 
al bulk* This is what is meant by the elasticity of the air. 

Fig. 74. This property of air may be proved by the 
little instrument, fig^ 74. It consists of a tube 
of metal made smooth on the inside, to which 
is fitted the movable plug, or piston, a, cover- 
ed with leathesvso as to be air tight To the 
piston is fixed a rod and handle by which it is 
moved. The tube being closed at the bottom, 
the air between it and the piston cannot es- 
cape. Now on pushing the piston down, the 
air may be compressed, or condensed, to a 
hundredth part of its former bulk, but on ta- 
king off the hand, or removing the pressure, it will in- 
stantly spring back so as to throw tlie piston to its former 
place. 

Air Gun, The air gun is an invention founded on 
the elasticity of the air. This instrument consists of 



What is meant by the elaslicity of air ? 

How may the elaslicity of the air be proved ? 

On what property of the air, is the ur-gnn foanded? 
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two parts ; the ball and condenser, and the gun, from 
which the bullet is discharged. 

Fig. 75. The condenser, fig. 75, consists of a 

barrel and piston such as is represent- 
ed by fig. 74. The piston rod is fiir- 
nished with a cross piece, a, on which 
the feet are placed in working it. The 
handles are for the purpose of working 
the barrel up and down on the piston, 
by which the air is forced into the baU. 
The ball or magazine is made of cop- 
per, and is of such l^trength as to bear 
the utmost condensation of the air, that 
can be given in the manner described. 
It is screwed to the end of the conden- 
ser for the purpose of being filled, as represented by fig. 
75. On the inside of the ball there is a valye opening 
inward. This is forced open by each portion of air that 
is driven into the ball by the action of the piston, and 
is instantly closed again, by the reaction of the conden- 
sed air, when the piston is drawn back, and thus the 
condensed air is prevented from escape. 

The ball being thus charged, is taken from the con- 
denser, and screwed to the gun in the manner represent- 
ed by fig. 76. By means of a simple apparatus connect- 




DeBcribefig. 75. 

Explain how the air is forced into the ball. 

Hoir is the condensed air retained in the ball or magazine ? 

10 



138 NATUIUL PHILOM^HT. 

Fig. 76. 




ed with the gun, the Valve of the magazine is Opened, 
and a portion of the air is let into the chamber of the 
gun behind the bullet, which is thus projected with a 
force httle less th^n that of gunpowder. 

The air is usually condensed in the ball about forty- 
times, that is, it is made forty times as dense as the at- 
mosphere. Now as the atmosphere presses with the 
weight of 15 pounds on eveiy square inch of surface, 
(as will be seen in another place) the action of that in 
the magazine will be equal to the pressure of 40 atmos- 
pheres, of 15 pounds each, which is equal to 600 pounds 
on every inch square of surface. If, therefore, the diam- 
eter of the bullet be equal to half a square inch, the ac- 
tion of the air on it would lift a weight of 300 pounds. 

Pressure of the atmosphere. The atmosphere presses 
on the surface of the earth and on all terrene bodies, 
with a force proportionate to its specific gravity and ltd 
height. Its weight, we have ab-eady seen, is 800 times 



In what manner is the air in the magazine made to act on the ball in 

the guQ ? 
How many times is the air condensed in the magazine ? 
When the air is condensed 40 times, what is the amount ofpreasare 

on every square inch of surface f 
Under such a pressure what would be the force on a ball of ludf an 

inch in diameter in the air gun ? 
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less than that of an equal bulk of water, a square foot 
w^hing an ounce and a quarter. Its height is about 
45 miles, but its density constantly diminishes in prbpOr^ 
tion to its distance from the earth, so that at its giteatest 
height it becomes exceedingly li^, or rare. 

The weight or pressure of the atmosphere as already 
Fig. 77. stated is 15 pounds to the square 

inch, that is, on a surface measuring 
an inch on each side, as seen at fig. 
77. On eveiy such surface in every 
part of the earth and sea, a weight 
equal to 15pounds constantly press- 
es, and therefore such a weight is 
now pressing within the lines of fig. 
77. The reason why terrestrial objects are not crushed 
by such an amount of pressure is, that its action is up- 
ward, as well as downward, and is equal in all directions ; 
and thus the pressure on one side of a body is balanced 
by that on the other side, and this is the reason why we 
are insensible to it, or are not affected by its force. 

Even long afler it was discovered that such an atmos- 
pheric pressure existed, well informed men could hardly 
be made to believe the fact, unless they saw some exper- 
iment which proved it to be true, beyond all doubt. 

At the present day, no person of common education 
disbelieves in the pressure of the atmosphere, though 



What is the weight of the atmosphere 1 

Why do we not see and feel the effects of atmospheric pressure t 
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comparatively few have witnessed the experimeiits bjr 
which it is proved. A very simj^e apparatus will con- 
vince any one of this fact, but more delicate instruments 
are required to demonstrate the exact amount of pressure. 
Fig. 78. Fig. 78 represents a tube and piston, with its 
I rod and handle a. Through the piston there is a 
small aperture, furnished with a valve,* now 
open. The piston c is supposed to be so nicely 
fitted to the barrel that no air can pass between 
them. 

Now on pushing the piston down to the bottom- 
of the tube» the valve opens, and the air rushing 
through the aperture, escapes ; but on attempt- 
p ing to draw it up by pulling at the handle, the 
valve closes and thus prevents its re-admission. 
The force, therefore, which raises the piston must be 
equal to the whole weight, or pressure, of a column of 
the atmosphere of the size of the piston, and therefore 
equal to a column of the atmosphere 45 miles high. If 
the diameter of the piston be only three inches, it will 
take the whole strength of a man to draw it up, and then 
if suddenly let go, it will be forced back by the weight 
of the mr, and will strike the bottom with great violence. 

* vaWe is that part of any machine which permits a flnid to pass in 
one direction, but prevents it from passing in the other. 



On poshing down the piston, fig. 78, what becomes of the m pre- 
viously in the tube 7 
On raising the piston what closes the valve 7 
What force must be employed on the piston of fig. 78 ? 
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One of the most striking illustrations of the pressure 
of the atmosphere, is made hy means of what are known 
under the name of the Magdeburgh hemispheres^ fig. 7^. 

Fig. 79. Two hollow half spheres, or half glohes 
of metal, a and h are fitted to each other by 
grinding, so that when put together they may 
be air tight. While the air is within, or be- 
tween them, so a? to balance or resist that 
which is without, they hold together with no 
more force than the two parts of a snuff box : 
but when the air is removed or exhausted 
from within, which is done by the air pump, 
a force is required to separate them, of as many times 
15 pounds as there are square inches in the area of the 
mouth. The air is exhausted by unscrewing the lower 
handle, and connecting that part with an air pump, and 
when the desired effect is produced, the key, 6, being 
turned prevents its return. The hemispheres are then 
ready for experiment, and the pressure on them may be 
tried by means of weights, or by the strength of men. 

The amount of force required to part them, will of 
course depend on their diameters. Otto de Guericke of 
Magdeburgh, the inventor, had hemispheres made a foot 



What are the Magdeburgh hemispheres 7 

What force is required to separate these hemispheres after the air is 
exhausted t 

On what depends the amount of force required to part the Magde- 
burgh hemispheres 7 



/^v. 



143 NATURAL PHILOSOPHY. 

in diameter. With these he astonished the learned 
worid ; for even philosophers were then ignorant of at- 
mospheric pressure. On one occasion at a public ezfai- 
bition, it is said that six coach horses belonging to the 
Emperor were unable to pull them asunder. This was 
before the inyention of the air pump, and Guericke ex- 
hausted his ball by first filling it with water, which was 
extracted by means of a small pump, or syringe. 
Fig. 80. The same principle is involved when a boy 
(as most boys have done,) presses a circular 
\ piece of thick wet leather on the smooth side 
\ of a stone, fig. 80, and pulls at it by means of 
a cord passing through the centre of the 
leather. If the leather be so close in its tex- 
ture, that air cannot pass through it, and so 
firm that it will not wrinkle, then it will lift a 
stone, weighing as many times 15 pounds as 

there are square inches in the surface of the leather. 

# 

AIR PUMP. 

The air pump is a machine by which a close vessel 
may be deprived of the air it naturally contains. 

The barrel and piston of an air pump is an exhausting 
syringe, and the principle of its action may readily be 



What force^ is it said was tried on Otto do Gaericke's hemispheres 7 
How did Guericke exhaust his balls ? 
What is an air pump ? 

Form a diagram and explain how a vessel can be exhausted by the 
syringe, fig. 81. 




ASK PUMP. 
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Fig. 81. imdersteod 1)7 fig« 81. The barrel andpis-^ 
ton need no description. The Talves a and c 
both open iipwards. Suppose o is a screw 
bj which this instrument can be fastened to 
the mouth of an air tight yessel ; then by 
drawing up the piston hj its handle, the valve 
a will be closed by the action of the atmos- 
phere, while c wiU be opened by the air rush- 
ing up out of the vessel to supply the place 
of that which was drawn out of the barreL Thus the 
air in the vessel would become less by the quantity 
which the barrel of the pump contained. Now on 
forcing down the piston, the valve a opens and the air 
in the tube escapes, while the valve c closes, so that none 
can be forced through o into the vessel with which it is 
connected ; then on again raising the piston, a closes 
and c opens as before, and thus another portion of air is 
taken from the vessel. By continuing this process it is 
plain that the vessel would become so exhausted of its 
idr, as no longer to be able by its elasticity to open the 
valve c, when the process must stop. By means of a 
stop-cock connected with the mouth of the exhausted 
vessel, it might be kept in that state after the air pump 
was remoivd. 

It must not be understood that any vessel can l^e en- 
tirely exhausted of its air by the air pump, for however 
small the quantity which remains, it will always by its 



WiU the air pomp perfectly ezhaoat aoj venel of its air ? 
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elasticity fill the whole apace, as the eztemal pressure is 
emoved : and as the exhaustion must cease, when that 
in the vessel becomes so rare as not to open the valTe, 
BO the last time the valve opens, proves that it was then 
full of air, though the next attempt at further exhaustion 
proves unsuccessful. 

A good air pump has two barrels similar to that just 
described, and the pistons, instead of being moved by 
the hand, are worked by means of a toothed wheel, 
playing in notches of the piston rods, which are small 
flat bars of brass. 

Fig. 82. These are represent- 

ed by fig. 82, which 
presents the section of 
an air pump, showing 
itsinteriorarrangement 
and construction.. The 
valves ti, and those of 
the two pistons, open 
upwards. The exhaus- 
tion pipe, a, leads to the 
plate of the air pump, 
^'in the centre of which 
is an aperture in wWch 
it terminates. This 
plate, which is of brass, is ground so smooth that the tops 




Why will it not 7 

After the atmost exhaustion, is the Teasel still fall or air, or not t 

How can a vessel be full of air when it is exhausted ? 
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of glass vessels called receivers^ also ground, stand Idr 
tight upon it Such vessels, when deprived of air bj the 
pump, are called exhausted receivers. The action <^ 
this engine is easily comprehended. Suppose as the 
two fHstons A, and B, now stand, the handle e is turned 
towards the left. This will raise the piston A, by which 
the upper, or piston valve will be closed by the pressure 
of the atmosphere. There would now be a vacuum* in 
this barrel did not the valve, o, open, and admit the air 
coming from the receiver dirough the pipe a. When the 
piston, therefore, rises to the upper end of the barrel, the 
space between it and the lower valve is filled with air 
from the receiver. Next suppose the handle to be turn- 
ed towards the right, the piston A will then descend, and 
compress the air with which the barrel is filled, which 
acting against the piston valve of A, forces it open, while 
closes and thus the air escapes. Thus it is plain, that 
every time each piston rises, a portion of etir, however 
rarified, enters the barrel, and eyery time it descends 
this portion escapes. 

The action of the two pistons are exactly similar, and 
alternate, that is, while B rises A descends, and so the 
contrary. On inspecting the figure it will be seen that 

* A vacuum is a void space. When the air is extracted from any 
dose vessel, a vacaum is prodoced. 



When the piston A, fig. 82, descends, which valves will open and 

which will close? 
When the piston B, descends, what becomes of the air with which 

the barrel was filled 7 
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iSbe sk eaanoC pass from one banel to tbe otker, nar 
bock again into the reoeirer, for irlule A ia mmg and 
tiie yalre o is open^ the piston B will be descending, ao 
that die force of the air in B will keep the vahre « dosed, 
and while each piston is descending, the two valrea, 
tokd Uy are altematelj dosed, so that no air can return 
into the exhaustion pipe. 

It will be obvious, on a little reflection, that the effi* 
cacy of the air pump depends entirelj on the elasticitj 
of the air, so that if a vessel holding ten gills of airnn* 
der the ordinary pressure of the atmosphere, be so placed 
as to avoid this pressure on the inside, and one gill be 
td^en out, the other nine gills will rise up and take its 
^ace ; and so if hdf, or three fourths, or nine tenuis of 
the origind quantity be extracted, still the vessel wodd 
be full, for there is no known limit to the expansion of 
a given portion of air, when the pressure under which it 
ordinarily exists is removed. 

THE DIVING BELL. 

This is a large heavy vessel formed like a bell, with 
the mouth open, and under which men descend to the 
bottom of the sea. It is let down into the water with its 
mouth downwards from the side of a vessel fitted up for 
this purpose. On first entering the water it appears fdl 



Explain by fig. 82,\vhy the air during ihe working of ihe pomp can- 
not pass from one barrel to the other, nor back into die ex- 
baustion tube. 

What IB a diving bell, and what is its use ? 



TBK Bnrmo bbll. 147 

ef aiTi IB the muhb manner that a tumbler does when it 
is iateited and held wi^ its mouth a little under water. 
Bat die air being compressible, as we have abundantly 
eiqphuned, and tbe pressure of the water increasing as 
the bell descends, the rolume of air diminishes in pro- 
tion, and at the depth of thirty-four feet is reduced to 
one half its original bulk. The lower part of the bell 
thus becomes occupied with water, owing to the conden- 
sation of the air, and the persons under it, whose object 
it is to reach the bottom in as shallow water as possible, 
are obliged to remain in the upper part of the bell in or- 
der to breathe. For the purpose of supplying a larger 
quantity of air than the bell carries down with it, and 
more especially for the purpose of supplying the men 
who descend with fresh air, without which they would 
soon be suffocated, a constant supply is sent down by 
means of a forcing pump. Meanwhile the heated and 
vitiated air is allowed to escape through a stop-cock in 
the upper part of the bell. As no animal can live but a 
short time without an adequate supply of fresh air, any 
neglect on the part of those above, to send it down, or 
any accident happening to the machinery for this pur- 
pose, would immediately endanger the lives of those below. 
A great variety of different contrivances have been 



At what depth under water is the air reduced to one half its ordinary 

bulk t 
How are the men under the bell sopplied with fresh air T 
What becomes of the vi&ited air which accumulates under the bell t 



148 NATURAL PHn-OeOTHT. 

proposed for the purpose of rendering the several parts 
of the diving bell and its machinery more and more per- 
fect, but the plan of thi« book will not admit of their de- 
scriptions, and we must tberefcnre content ourselves with 
the figure, and description of a single specimen. 

Fig. 83. The adjoining cut, fig. 83, repre- 

sents the small diving bell proposed bj 
Mr. Adam Walker, and is known un- 
der the title of Walker's diving belL 
It is a conical tub of wood, of three 
feet in diameter at the bottom, two 
and a half feet at the top, and three 
feet high. It is so loaded with leaden 
balls around the mouth as just to sink 
it in the water, and within there is a 
small seat for the diver. A bent tube 
of metal is attached to one side which 
reaches the air within. To this at c, 
is attached a flexible leather tube, 
which terminates in a forcing pump 
fastened to the side of the attending 
vessel at d. The forcing pump has a 
valve below the piston, opening downwards ; when there- 
fore the piston is raised, the barrel is filled with air from 
the atmosphere, and when it descends, a portion is forced 



How is Mr. WalkeT'i diilng bell rormedl 
How ii ii made lo descend into ihe walei ? 
In wlul manner U utconvejed to tha diTsr? 
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through the yalye, which closing, pfevents its escape. 
The diver has a stop*cock at the inner leg of the tube, by 
which he regulates the quantity of air. By keeping the 
pump in constant motion, so much air can be supphed 
as to make a pleasant atmosphere in the bell, while the 
superabundance passes off at the mouth of the bell. 

WATER BALLOON. 

Fig. 84 There is a philosophical toy, which, as its 
action depends on the elasticity of the air, is 
worth describing here. It is a small baDoon 
of tliin glass, c, fig. 84, having an opening at 
the bottom, and a little car or basket hanging 
to it. If put in water while the globe contains 
air only, it is so light that half of it remains 
above the surface ; but being in part filled with 
water, it is so adjusted as to float with its up- 
per part just above the surface. If this little balloon be 
placed in a tall jar of water the mouth of which is closed 
with an elastic air tight covering, as a piece of bladder 
or India rubber, on pressing this covering with the hand, 
the balloon will immediately descend in the water ; and 
when the pressure is removed, will rise again, floating 
about, rising, falling, or standing still, according as the 
pressure is varied. 



Explain fig. 84. 

Bj what means is the balloon made to rise and fall 7 
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This* to the bj-istandeni, sometimeB appears Uke a 
myateiious or magical influenee, but is easily explained. 
The pressure on the elastic corer first condenses the air 
between it and the water, and conseqaeatlj the water it«» 
self is {Massed through its whole extent. This pressure 
condenses the air in the balloon, as may be seen on in-* 
spection, and forces into it a quantity of the water which 
makes it sink, and thus the balloon falls towards the bot- 
tom. But the instant the pressure is removed, the elas- 
ticity of the air in the balloon repels the water, and the 
machine rises again to the surface. If the balloon be 
adjusted so as to sink too deeply, it will not rise of itself, 
because the pressure of the water then above it will per- 
petuate^ the condensation of the air which caused it to 
descend. 

BAROMETER. 

The barometer is an instrumeiit designed to measure 
the weight or pressure of the atmosphere, by means of a 
column of quicksilver confined in a glass tube. The 
word comes from the Greek haros^ weight, and metrtntj 
to meas^e. 

If a boy {dace the end of his ptpj^gun in a dish of 
water, and draw back the {»ston, (which in this case 
usually* consbts of a little hemp (a flax, wound around 



Explain why the balloon, fig. 84, sinks with the preaanro on the elas- 

tic cover. ^ 

If the balloon links too deeply, why does it not rise again ? 
What is a barometer 7 



the end of a stick,) the water will follow, c^nd fill the tube 
of his gun. This effect, often attributed to what is called 
suction, is really owing to the pressure of the atmosph^^e. 
on the water in the dish. The piston removes the air 
from the tube, while the atmosphere presses in the water» 
to fill the place of the air thus withdrawn. 

If a tube, stopped at one end and open at the other, be 
filled with water, and then set in a vertical position with 
the open end still under the water, the fluid will remain 
suspended in the tube, if its height be notmore than 33 
feet Or, if instead of filling the tube with water, a pis- 
ton be drawn through it, so as to remove the air, the water 
will follow, by the pressure of the atmosphere, to the 
height of 33 feet The pressure of the atmosphere, 
therefore, is equal to the pressure of a column of water 
33 feet high, otherwise it could not sustain the water at 
this height 

Now to prove that it is this pressure, and nothing else 
by which the water is thus sustsdned. We find that its 
height varies with tlie weather ; in other words, this pres- 
sure is sometimes greater and sometimes less, as the 
weather changes from stormy to fair, which variation in 
height, could not happen as indications of meteoric 



If a piston be drawn through a tabe with its lower end in water, 

why wilt the water rise in the tube ? 
How hiffh will the water starjd in a tube with the nppejr end closed 

ana the lower one in the water 7 
How is it shown that it is the pressure of the atmosphere whi^ 

sustains the water in such a tube 7 
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changes, unless the rise and fiill depended on the atmos- 
^hae ; and if so, it is as plain that it is hj this cause, 
that the flidd is balanced and sustained. 

Now a barometer constructed with water, although it 
would indicate the yariations of atmospheric pressure, 
would be highly inconyenient, on account of its great 
length, while mercury, being thirteen times heayier than 
water, requires a tube only of proportionate length, and 
therefore only about 29 inches long. Mercury shS has 
the adyantage of remaining fluid in climates where water 
would be frozen. Thb substance is therefore uniyersally 
employed in the construction of this instrument. 

Fig. 85. The principles on which the barometer is 
constructed are simple, and, afler the forego- 
ing explanations, easily understood. It con- 
sists merely of a glass tube nearly filled with 
mercury, leaying its lower end open, which is 
placed in a cup of the same fluid, while the 
upper end is closed. Fig. 85 represents such 
an instrument, and which may be constructed 
as follows. 

The tube being filled with the mercury, 
place the forefinger firmly on the open end and then 
plunge the tube and finger under the surface of the mer- 



Wfaat are the objectionfl to a barometer constructed with water? 
What does the barometer consist of? 

In what maaner is the tnbe introduced into the cup as shown at 
fig. 85? 
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cvry before prepared in the cup c. -Then withdraw the 
finger, taking care in so doing that the end of the tube 
does not rise abore the mercury in the cup. When the 
finger is removed, if the tube be 33 inches long, the mer* 
cuiy will descend four or five inches, and after several 
vibrations will stand at 29 or 30 inches above that in the 
cup. Now if a scale, divided into inches, and tenths of 
inches be affixed to the upper part of the tube, the in- 
strument would be finished if it was intended to remain 
Btationaiy. The barometer, however, is not considered 
as complete until it is set in a mahogany, or brass case, 
for the convenience of suspension, and transportation ; 
nor must it be understood that it is actuaUy constructed 
in so simple manner as represented by fig. 85, for although 
such an instrument would show the variations of atmos- 
pheric pressure, yet it could not be moved, without lia- 
bility to accidents ; nor can a cup of a sohd material, «s 
brass or wood, be employed to entirely enclose the mer- 
cury, since this irould prevent the pressure of the atmos- 
phere on the fluid, and thus defeat the whole object. 

To avoid all these objections, the portable barometer 
has a cup of wood or brass, fastened by means of leath- 
er and glue to the lower end of 4he tube. Afier this is 
done and well dried, (the tube having been previously 



If the barometer, fig. 86, would ahow theyariatioiM of preamre, why 

if it not complete 7 
Why will not a cup of wood entirely enclosing the mercury anawer 

the purpose of the barometer 1 

11 
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Fig. 86. filled) the cup which is without a bottom, is 
filled by placing the whole in a yertical direc- 
tion and pouring in the mercury. A bottom of 
leather, with a rim of wood or brass, is then 
glued on, which, when the instrument is in its 
usual position, forms a bag-like projection at 
the bottom of the cup, as seen at fig. 86. This 
leather being thin and elastic, the pressure of 
the atmosphere on it affects the whole colunm 
^11^ in the tube in the seune manner as though it 
^^H was open to the air, and still the instrument 
^^r Toaay be placed in any position without danger 
of spilling the mercury. 

The height of the mercury in the barometer varies 
from 29 to 31 inches at the level of the sea, and this, 
consequently,* is the measure of the weight of the atmos- 
phere, for we have already shown, that this is the [sole 
cause of the suspension of a fluid under the circumstan- 
ces described. We have also stated, thtit the pressure of 
the atmosphere is 15 pounds, to the square inch. Now 
a square inch of mercury, 30 inches high, or the same 
diameter of water, 33 feet high, weigh just 15 pounds 
' each ; and these are the medium heights at which they 
stand when sustained by atmospheric pressure, which 



How ifl the cap coiitaininj|[ the mercary so contrivecl aa to retain it 
in all positions, while it is exposed to the pressare of the atmos- 
phere? 

What is the height of the mercaiy in the barometer tabe ? 
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alone is sufficient proof that their rise to these heights in 
exhausted tubes depends on the cause above assigned. 
A person who knew nothing on this subject, would be 
surprised to see a barometer tube retaining its mercury 
with the open end downward, and would wonder why 
the fluid did not obey the common law of gravity, and 
descend into the dish ; were the tube of glass, 33 feet 
high, and filled with water, his astonishment would be 
still greater. 

The smallest quantity of water, or of mercury, in the 
cup, is sufficient to sustain the column of either fluid, in 
the tube, for although the suspension is entirely owing to 
atmospheric pressure on the fluid which remains in the 
cup, yet the quantity is not essential, provided it is suffi- 
cient to keep the air from rushing in and displacing it. 
This is proved by removing the tube from the cup, on 
which bubbles of air instantly begin to ascend the tube, 
while the mercury descends. 

In the barometer already described and figured, the 
variations of the mercury are indicated by a scale placed 
behind the upper part of the tube, but it has been found 
that very slight changes in the density of the atmosphere 
are not readily perceived by this method ; and it being " 
desirable that such minute changes should be rendered 
more obvious, many inventions for this purpose have 



What qaantity of mereniy is reqoired iti the cap to lustain that m 

the tabe ? 
Why doet the mercury descend when the tube is removed from the 

cap? 
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been offered to the world. One of these is called the 
diagonal barometer, and is represented by fig. 87. 

Fig. 87. It consists of a tube and cup such as we 
iOhaye already described. The tube is per- 
pendicular to about 28 inches in height, 
where the scale of variations begin ; it is 
then bent obliquely, but reaches in eleva- 
tion to the highest limit of the scale. The 
advantage of this construction is, that whMe 
the mercury rises only from a to c in the 
common barometer, it passes from a to o 
in the diagonal one. Thus the variation 
of a degree in the common instrument is 
rhown by a movement of the mercury two 
or three times as great, in this. 

USES OF THE BAROMETER. 

If the mercury in the barometer tube is sustained by 
the pressure of the atmosphere, then it is plain that it 
will rise and fall. in proportion as this pressure is increas- 
ed, or diminished ; and this effect is precisely what is 
found to be true by experiment. 

* The pressure at the level of the sea is equal to about 
29 inches of mercury, but if the instrument be taken into 
a deep mine, or carried up a mountain, it rises or falls 



What is the cOnstructipn of the diagonal barometer 7 
What is the advantage of this construction ? 

What is said of the rise and fall of the barometer by increase or dt- 
mination of atmospheric pressure ? 
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in proportion to the depth, or height. Hence this instru- 
ment has become the most sure and expeditious means 
of ascertaining the altitudes of mountains, and is exten- 
sively employed for that purpose. 

When the instrument is stationary on a level with the 
sea, the variation in the density of the atmosphere cor-^ 
responds to between two and three inches of difference 
in the altitude of the mercury. In London it is seldom 
seen below 28 inches, or much above 30. In this coun- 
try^ or rather in Massachusetts, the ra^ge is higher, show- 
ing a greater density of the atmosphere, for according to 
observations made at Cambridge during a period of 22 
years, the medium altitude was nearly 30 inches. 

The barometer is sometimes called the weather glass^ 
because it indicates meteoric changes, by rising or fall*- 
ing. Such variations in the density of the air as are 
preparatory to storms, or fair weather, never could have 
been known to us without this invention. As the instru- 
ment now is, it has become an important monitor, both 
to the husbandman, and mariner, but especially to the 
latter. 

It is obvious that the only method by which this in- 
Btrument could be ascertained to be a prophet with re- 
spect to the weather, would be to record its variations of 



In what way does the barometer indicate the altitude of mountains ? 
When this instrument is stationary, how many inches difference is 

there in the height of the mercary ? 
Why is the barometer called the weather glaM t 
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altitude, and to observe the actua] state of the heavens at 
the time, and also what changes succeeded. From such 
observations, which have been made, and continued for 
many years in different parts of the world, the following 
results have been determined. 

1. In calm weather, when the air is inclining to send 
rain, the mercuiy is low. 

2. In serene, fine, settled weather, the mercury is gen- 
erally high. 

3. Before and during great winds, or hurricanes, the 
mercury sinks lowest. 

4. During the coldest weather with the wind at north, 
or west, the mercury stands highest. 

5. After mighty storms of wind, when the barometer 
has been low, it rises with great rapidity. 

It often seems to reqmre considerable time for the mer- 
cury to gain its wonted elevation after a storm, and so on 
the contrary, we have sometimes seen it rain without the 
Usual correspo9ding change in its altitude. In general, 
however, whether there are any appearances of a change 
in the horizon or not, we may prognosticate without fear 
of disappointment, that when the barometer sinks during 
fine weather, a storm may soon be expected, and that 
during cloudy weather, if the mercury remains elevated, 
it will soon become clear, vnth little or no rain. 

What weather may be expected when the mercary falls ? 

When does the mercary fall lowest 7 

In wli^t weather does the mercury stand highbst ? 
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FACTS CONNECTED WITH ATMOSPHERIC PRESSURE. 

The pressure of the atmosphere has a material, and 
very striking effect on the temperature at which water 
and other fluids hoil. 

The boihng point of water, under the ordinary pres- 
sure, is 212 degrees of Fahrenheit's thermometer ; but 
if a yessel of water be placed under the receiver of an 
air pump, and the air exhausted, or carried into a moun- 
tain, the fluid will boil at a diminished temperature in 
proportion to the degree of exhaustion, or the height to 
which it is carried. A few strokes of the air-pump will 
produce ebullition in water not heated above 60, or 70 
degrees, and if the exhaustion be continued, it will boil 
until the fluid is nearly cold. 

Now the process of boiling, is nothing more than the 
conversion of the fluid into steam, and the temperature 
at which this takes place depends on the force with which 
the particles are pressed together by the atmosphere. If 
the ordinary pressure be removed, the boiling takes place 
with little heat as above stated ; but if the pressure be in- 
creased, the heat, to produce boiling must also be in- 
creased. Thus it has been found by experiment, that in 
a diving bell, about 70 feet below the surface, the boiling 
point of water is 272, instead of 212 degrees ; and at a 
greater depth, or under an increeised pressure, the tem- 
perature, of ebullition, would require to be increased in 
proportion. 
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The fact, that fluids boil, or distillation is effected* at 
a low temperature, when the pressure of the atmosphere 
is removed, has been applied to various useful purposes 
in the arts. 

In procuring the essences and extracts of various herbs, 
the peculiar properties of which would be ruined hj the 
ordinary boiling heat of water, the method of distilling 
in a vacuum has been employed. 

In the process of refining sugar, the difficulty of ma- 
king the syrup boil without burning, or discoloring it, 
under atmospheric pressure, was such as to render the 
quality of the product very uncertain, a portion of the su- 
gar being often spoiled, or the whole greatly deteriorated. 
But by carrying on the process of evaporation under a 
diminished pressure of the atmosphere, which is the pres- 
ent method, the quality as well as the quantity of the 
sugar is greatly improved ; and Mr. Howard, the pa- 
tentee of this invention, receives many thousand pounds 
per year, for his improvement in this important process. 

APPARATUS rOR DISTILLING IN VACUO. 

The apparatus for distilling in vacuo ^ on Mr. Howard's 
plan, consists of vessels strong enough to bear the pres- 
sure of the atmosphere, when exhausted of air, and are 
therefore of a rounded, or arched form, as presenting 

' ■ ' ' ' I ■ I I ■ I I.I n 

What me has been made of the fact that fiaids boil at low tempenk* 
tares under diminished pressare 7 



DB. ABNOTT*S APPARATUS. 
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the firmest resistance to external pressure. The Yacuum 
is produced and maintained hj air-pumps, driven by 
steam-engines, or by other power. Or the same effect is 
produced by introducing stesun into the vessels, which is 
afterwcurds condensed into water, thus leaving a vacuum. 

DR. ARNOTT'S APPARATUS. 

Dr. Amott proposes a very simple contrivance to an- 
swer the purpose of air-pumps and steam-engines, ip 
forming a vacuum for the above mentioned purpose. 

This apparatus is represented by 
fig. 88, where a is a close boiler, and 
by a strong vessel at the top of the 
witer barometer, /. The vessel 6, 
stands on the top of the barometer 
tube, the latter being about 36 feet 
above the water d. These are filled 
with water through the stop-cock, c, 
which is then closed, and another 
stop-cock dy at the bottom of the tube 
is then opened. The column of water 
will now sink down to about 33 feet, 
as at /, this being as we have already 
seen, the height at which water is 
maintained by the pressure of the at- 
mosphere. 




IIP 
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How is the vacaom for distillation fonned on Mr. Howard's plant 
Describe Dr. Amott*s apparatus for this purpose. 
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On then opening a communication between the boiler, 
a, and the vacuum 6, fonned by the weight of the water 
in the long tube, the vacuum would be instantly Med 
widi pteam from the boiler, which may be condensed by 
a little stream of cold water, constantly running on the 
vessel 6. Thus a partial vacuum would be constant in 6, 
and consequently in the boiler a. The syrup of sugar 
being placed in the boiler a, and under it a slight fire 
made, it is obvious that the evaporation of the water, 
and its ^immediate condensation would be continued. 
The water thus condensed, it is also plain, would run 
down the tube, and pass off without impairing the vacu- 
um, to the end of the process, when a vacuum is again 
to be formed as at first 

The apparatus, of course, must be of such dimensions 
as the business of the owner requires. 

By means of such an apparatus, the heat required in 
the boiler for the evaporation of syrup, need not be over 
firom 90 to 100 degrees, instead of 216, or 218, which 
are required to answer the same purpose, under the pres- 
sure of the atmosphere. 

By this invention, those who love to regale their olfac- 
tory nerves, are now gratified with many a precious odor, 
of so delicate a nature as not to have been procured by 
distillation under the pressure of the atmosphere. 

What degrees of heat are said to be required to evaporate water 
with Dr. Arnott's apparatus ? 



THE PUMP. 



163 



THE PUMP. 



The same cause which sastains the mercury in the ba- 
rometer, and forces the water to rise in a tube exhausted 
of air, eleyates the water in the common pump. 

Fig. 89. The common pump so universally 

employed for wells and similar pur- 
poses, and th^ inside of which is re- 
presented by iSg. 89, consists of a 
tube or pump log ; a piston, with its 
rod and lever, or handle, and two 
valves, a and h. The valves both 
open upwards, and when the pmnp 
is still both remain closed, but wheii 
in action they alternately open and 
shut. 

To understand its action it is only 
necessary to consider that when the 
piston h is drawn up by depressing 
the end of the lever e, the air between the two valves is 
removed, and that consequently the water (f, into which 
the end of the pump log is immersed, being pressed by 
'the weight of the atmosphere, rises up to fill the vacuum. 




What force elevates the water in the common pnmp ? 

What are the names of the several parts of a common painp t 

In what direction do the two valves open ? 

Whea the lever is depressed what happens in the pump t 
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Thus then the space between a and b is filled with water, 
through the valve a, which instantly closes and prevents 
its return to the well. 

Next on raising the lever, the valve b opens, and the 
descent of the piston causes the water to rush through it, 
and the fluid being now above the two valves is delivered 
at the spout. When the space above b is once filled, the 
water flows through the spout in a continued stream be- 
cause at each stroke of the lever, as much of the fluid 
rises through the valve a as is elevated and delivered by 
the valve b. 

Thus the water in this pump is elevated by the pres- 
sure of the atmosphere above the valve a, after which it 
is raised, or lifted to the point of delivery by the direct 
force of the lever acting through the piston 6. 

We have seen that the pressure of the atmosphere is 
only equal to a column of water 33 feet high ; if there- 
fore the valve a, fig. 89, is 33 feet above the surface of 
the water in the well, the fluid will rise above it, and no 
higher, but from this point it may be lifted to any eleva- 
tion required, by the power of the lever. 

The forcing pump diflers fi-om the command or lifting 
pump in having a solid piston, which works air-tight in 
the barrel. In the lifting pump just described, fig. 89, 

In the ItfUof pamp bow high U the water elevated by the weight of 

the atmosphere 7 
How is it thrown higher than 33 feet by this pump 1 
How does the forcing pump differ from the lifting pamp.7 



tfaere is a Tslve which admits the water through the pit- 
ton. In the forcing pump the water does not rise above 
this part 

Fig. 90. This will be understood, and the 

action of the forcingpump explain- 
ed by fig. 90, where a is the solid 
piston, h the pipe which conducts 
the water to the air vessel ; d the 
discharging pipe, and c the valve 
which admits the water from the 
well below. In this, as well as in 
the lifting pump, the water may be 
elevated 33 feet by the action of the 
atmosphere, aAer which it may be 
thrown to any height by the force 
of the piston. 

Suppose then, the water rises 
above the valve c by the pressure 
of the atmosphere in coDsequ^ice 
of the action of the solid piston a, as already explained, 
thra the piston being depressed, the valve c closes and 
the water is forced through the pipe h into the air vessel, 
and from this is discharged through the tube d. The 
air vessel is appended merely for the purpose of keeping 

How doeatba piston in the Ibrciag pnmp differ fiomlhitirf'llie lift- 
ing pump T 
How ii tne water elarslcd above 33 feet hj the fonung pomp T 
What U the ate of tbe air vmmI in Ihii paup ? 
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Up a continued stream through the discharging pipe. 
The water being forced into the lower part of this vessel 
compresses the air, which reacting upon the water con- 
tinues the stream while the piston is rising. The air 
cannot escape because the pipe passes down into the 
water as indicated by the drawing. 

RESPIRATION. 

The atmosphere, on the mechanical properties of 
which, the phenomena described in the foregoing chap- 
ters depend, is a portion of it taken into our lungs, in 
every act of breathing. Our lives, therefore, depend on 
the air in which, from the beginning to the end of life, 
we are constantly immersed. 

Respiration consists in alternately drawing into the 
lungs, and throwing out, of them a portion of atmospheric 
air. Drawing the air in, is called inspiratxan^ and throw- 
ing it out, expiration. 

The air we breathe, is composed of 20 parts of oxy^ 
gen^ and 80 of nitrogen. The nitrogen alone is poison- 
ous, and will not support animal life. Neither will it 
support flame, a burning candle plunged into it, being 
instantly extinguished. The oxygen alone, will support 



What doei respiration consist in ? 

What is inspiration, and what expiration ? 

What is the air composed of 7 

What are Uie properties of nitrogen f 
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flame in the most viyid manner, and manj substances 
will burn in it, which in the atmosphere are incombusti* 
ble, such as iron and steel wire. 

It will maintain the lives of animals much longer than 
common air, when they are confined in small portions of 
either, under vessels. But if breathed for any length of 
time it will bring on a fever, making the pulse beat much 
more rapidly than natural. 

It is found, therefore, that neither nitrogen nor oxygen 
alone, are adapted to respiration, but that the mixture 
of both, as they naturally exist, to form the atmosphere, 
is perfectly fitted to support the lives of breathing ani- 
mals. 

It is not necessary to stop here to prove, that all warm 
blooded animals require respiration in order to live, even 
for a few moments. We know that whenever such ani- 
mals cease to breathe, they cease to live. 

But it is not merely taking the air into the lungs, and 
throwing it out, which serves the purposes of respiration. 
Were this the case, some other mixture, not containing 
oxygen would probably answer this purpose. But it is 
found by experiment that a portion of this element is 
absolutely required in respiration, there being no mix- 

What are the properties of oxygen 7 
Will either of those support respiration ? 
What is the best mixture for respiration 1 
What gas is absolutely necesaaiy to respiration 7 
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ture of other gases which will maintain animal life eyen 
for a few moments. 

The reason of this appears to be» that the oxygen acts 
upon the blood as it passes through the lungs, changing 
it from dark red, to light crimson. 

Now in every warm blooded animal, there are two sets' 
or systems of blood vessels, called the venous and arte" 
rial systems, or the veins and ^arteries. The arteries 
carry the blood from the heart to all parts of the body, 
and firom which it is again returned to the heart by the 
veins. In the lungs, there is another system of vessels 
called the pulmonic system, which contain the air em- 
ployed in breathing. The vessels of this system are en- 
tirely distinct from those containing the blood, but are 
only separated from them by the finest, and thinnest 
membrane, and through which the air acts upon the 
blood in its passage through the lungs. 

These explanations will assist the pupil in understand- 
ing the entire circulation which is as follows. 

The blood being sent to all parts of the body through 
the arteries, is returned to the right side of the heart by 
the veins. From this side it is sent to the lungs by the 
pulmonary artery, and being there changed to arterial 



On what does the oxygen act in respiration 7 

What change does it produce on the blood ? 

What are the two systems of blood vessels in warm blooded ani- 
mals ? 

What other system of vessels in the langs? Describe the eircnhi- 
tion. 
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blood, by the influence of the oxygen in the air vesvele 
of the pulmonic system, is then retnmed to the left side 
of the heart by the pulmonary veinsk From tiieleft side 
of the heart, it is thrown to all parts of the body, by the 
great system of arteries, to be again returned to the right 
mdf of the heart as before, and so perpetu&Uy^ during tbe 
liie of the animal. 

Thus respiration, and the circulation of the blood are 
mutually dependent on each other. If the circulation 
stops, ashy the bleeding of the animal, then the respiration 
immediately ceases, and if the respiration is obstructed 
as by strangulation, then the circulation ceases. It is 
hardly necessary to say, that in either case, the life of the 
animal is extinguished, and a mass of flesh and bones 
only remain, which Anally moulder into their original 
dust. 

CAUSE OF THE CHANGE WHICH THE BLOOD UNDEBr 

GOES IN THE LUNGS. 

We have stated above, that the blood in its passage 
through the lungs, is changed from a dark to a light 
color, that is, from venous, to arterial blood. The coloje 
of the two kinds of blood are so distinct, that surgeons 



IVhat is said of Uie rnntaal dependance of the ciicnlatioA and re- 
spiration on each other 1 
How can snrgeons tell whether a vein or an arteiy i^ wounded ? 

^ 12 
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can instantly tell by the color, whether it is an artery or 
a rein, which is wounded. 

The cause of the change is this. The pulmonary, or 
air vessels of the lungs, are at every inspiration, filled 
with air from the atmosphere. A portion of the oxygen 
which this air contains, acting upon the venous blood 
through the fine membrane which separates the air ves- 
sels &om the blood vessels, absorbs a portion of carbon, 
or charcoal from it, that is, from the venous blood, and 
at the next expiration, this compound of charcoal and 
oxygen, is thrown out of the lungs, and thus the blood 
becomes of a Ughter color, or is changed from venous to 
arterial blood, by losing a portion of carbon. Now the 
combination of the carbon of the blood, and the oxygen 
of the air, fdrms carbonic acid, a gas which in its pure 
state almost instantly destroys the life of any animal 
confined in it, and hence it is, that if an animal be con- 
fined to a small portion of air, as in a vessel, it soon 
ceases to live, because the oxygen is turned into carbonic 
acid, and thus becomes poisonous, and destroys the ani- 
mal. 



What yessels are filled with air at each inspiration 7 

How is the change of color in blood explained 7 

Why do animala die when confined to a small portion of air T 
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ACOUSTICS. 

The scienee of Acoustics treats of the origin aiid 
effects of sound ; accounts for the reason why it is con- 
veyed from one place to another, and explains the causes 
why sounds differ from each other. 

Bodies which give out sound when struck, are called 
sonorous bodies. The sound or noise which they make, 
is owing to the vibration, or trembling into which they 
are thrown, and which vibration is communicated to the 
air, and from the air to the ear, A bell trembles for a 
long time after it is struck, or gives a succession of im- 
pulses, to the air; while other sounds consist of only a 
single impulse, as a blow with a hammer, a crack of a 
whip, or a clap of the hands. 

That sound is conveyed to the ear by the motion which 
the sounding body gives to the air is proved by an ex- 
periment with the air pump ; for if a bell, the hammer 
of which is moved by clock-work, be placed under the 
receiver of an air pump and the air exhausted from it, 
the sound will gradually diminish, until it can be no 
longer heard, though the hammer is still seen to be in 
motion. 



-p-*i 



What are the objects of the scieiice of acoustics 1 

What are bodies called which give soand when struck ? 

Id what manner is sound conveyed from the sonorous body to the 

ear? 
How is it proved that air is the mediim of sound 7 
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The same effect is produced in a less degree, on the 
tops of mountains, where the density of the air is less 
than at the level of the earth. At great elevations the 
human voice can be heard onlj at the distance of a few 
rods, and the firing of a pistol produces no louder report 
than the ordinary crack of a whip. 

On the contrary, when the air is condensed, the effect 
of sound on the ear is increased in proportion. Thus 
when the diving bell is sunk to the depth of thirty or 
forty feet, the air under it is pressed into a much smaller 
bulk, and the men who descend suffer pain from sounds 
which, under ordinary circumstances, would attract no 
notice. Even the common pitch of the voice is astound- 
ing to the ear. 

The atmosphere is the common conductor of sound, 
but solid bodies convey it much more rapidly, and to 
greater distances than fluids. Thus beams of wood, the 
metals, or even a rope, conduct sound better than air. 
If a person lay his ear on a long stick of timber, he can 
hear the scratch of a pin at the other end, which would 
be inaudible through the air. 

Sound is propagated through the air at the rate of 
1142 feet in a second. Hence with a second watch in 
hand, we may calculate the distance of a thunder cloud 



What is said of the tffects of sound on high mountains 7 
What effect does the condensation of the air produce on sound ? 
How may the distance of a thunder cloud be ascertained by the 
lightning which it emits T 
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from us, for hj observing the instaRt when the flash of 
lightning appears, and counting the seconds from that 
instant to the time when the thunder reaches the eari 
we have the number of seconds required for such a cal- 
culation. Thus if it be four seconds from the time 
when the flash is seen, to that of hearing the report, then 
as sound passes 1142 feet in each second, 4 times 1142 
will give the whole number of £9et, namely 1142 X 4 = 
4568 feet, or a little less than a mile. 

Any one may satisfy himself with what comparc^ve 
slowness sound passes, by taking notice of a wood cut- 
ter, at the distance of a few hundred yards : his axe will 
be seen to give the blow, and rise for the next, before 
the sound is heard. 

Sounds are conducted by water about four times 
quicker than by air ; and by solids about twice as rapidly 
as by water. There is however much difference with 
respect to the conducting powers of different kinds of 
solids. Thus the metals, and wood, conduct better thaii 
stone and brick. It is because solids conduct sound with 
greater velocity than air, that the blow of a hammer on 
one end of a long board fence may be heard twice at the 
other end : the first sound being heard nearly at the in- 



What 18 the rate at which soand moyes through the air? 

What is said of the relative velocity at which air, water, and aolidi, 

conduct sound 7 
How does a blow on a board fence prove that solids contact ■oan4 

more rapidly than air? 



174 NATURAL PHILOSOPHY. 

Btant the stroke is given, being conducted by the fence, 
while tbat conveyed by the air falls on the ear a little 
after. 

Echo, This is the reflection of any sound from a flat, 
solid surface. Nature furnishes such surfaces chiefly 
among rocks and hills, and hence the fiction of the an- 
cient poets that Echo was a nymph who had her dwell- 
ing only among the recesses of the rocks, where she was 
in perpetual attendance to imitate the voices of human 
beings, but was never seen. 

The motion of sound, like that of light, is in straight 
lines, and its ^reflection is governed by the same law as 
that of light, and that of elastic bodies. 

We have already explained that elastic solids, when 
thrown against a smooth hard surface, rebound under ex- 
actly the same angle that they make in their approach 
towards it. The same law holds true with respect to 
sound. To express this very important law, we say. 
Fig. 91. '' the angle of incidence 

is equal to the angle of 
reflection." 

This will be under- 
stood by fig. 91, where 

h <* suppose there is a plane 

solid surface, such as the side of a brick house, at c» and 
that a gun be fired, or a drum beat, at a, then the sound 



What is echo? 

What laws govern the reflection of sound? 
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would be reflected, and the echo heard at ft, the angle of 
incidence, 2, and that of reflection, 1, being equal. 

It is from this circumstance, as we walk the streets of 
a cit}r, that the sound of a distant bell sometimes sudden- 
ly strikes the ear, the loud tones of which, as suddenly 
become inaudible, or nearly so, on removing from that 
particular spot If the bell be situated in the position of 
a, fig 91, and a large block of buildings at c, then the 
auditor standing at b would hear the echo or the sound 
xebounding from c; but on moving to the right or left of 
that position, he would no longer hear the reflected, but 
only the ordinary sound of the bell. Hence also we 
sometimes hear two distinct sounds of each stroke of the 
bell, the first being the ordinary sound which comes to 
the ear in a straight line, and the second the reflected 
sound, or echo* 

Fig. 92. Suppose the auditor stands at 

d, fig. 92, the bell being at c and 

a reflecting surface at a ; then 

the sound flowing directly to- 

^^ wards d^ is first heard, while the 

£,^^ — """'^ echo, having to pass from c to a 

and from a to d^ which may be a distance two or three 

times as far as from c to J, is not heard until a second, or 

two, after the first sound. 



What is meant by the angle of incidence, and what by the angle of 

reflection ? 
In what positions mast the sonnd, reflecting surface, and auditor be 

placed, in order to hear a double report t 
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Jig. 98. 



The angle at whiefa sound is reflected being just equal 
to its .angle of incidence, a regular curve will collect 
sound into a focus or point, for the same reason tiiat die 
heat of the sun may be concentrated bj means of a con- 
cave mirror* 

Suppose a, fig. 98, is a concave 
solid, turned in the direction of a 
distant sound, then the pulses of 
sound coming in the straight lines 
h c, c, J, will by reflection be col- 
lected into a focus at e, and at 
which point, the auditor will hear 
a report, louder than he would at 
5, e, c, or d^ in proportion to the 
number of pulses of sound so col- 
lected. 

It is on this principle xhAt tohispering galleries are con- 
structed. Such rooms are generally of an oval figure, 
so' that when a slight noise, as a whisper, is made at one 
extremity, the rays of sound are concentrated into a focus 
near the other extremity. An ear, therefore, placed at 
that particular point would hear a loud noise, while per- 
sons in other parts of the room would be insensible to 
any sound. 

Some natural situations are remarkable for such an 
effect. A cave, or concave surface of rock, with a cas- 




In what manner may sound be increased in loudness ? 
On what principle are whispering galleries constructed ? 
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oade in the Tidnity, has sometimes prodnced Teiy won- 
derfiil consequences in this respect. A person haying 
. accidentally placed his ear in such a focus, has been 
suddenly astounded with a crash, so terrible as to make 
him thank that the universe around him was falling in 
pieces. 

The Ear Trumpet is an instrument by which sound is 
collected and condensed. It is a tube which is wide at 
the outer end, where the sound enters, growing gradually 
narrower, -until it terminates in a small aperture where it 
is applied to the ear* Its sides are so cunred as to adapt 
them to the reflection of sound, so that as far as possible,^ 
all that enters is brought to a focus at the naurow end. 
It thus increases many times the intensity of any sound 
which reaches the ear through it, and. thus enables many 
persons who are too deaf to hear common conversation, 
to mix in society with new pleasure. 

The famous Ear of Dionysiusy was a dungeon of that 
tyrant in Syracuse. The roof of this prison was so 
constructed as to collect the words, and even whispers 
of the miserable prisoners confined therein, and to direct 
them along a hidden conductor to the place where the 
tyrant sat to listen, and thus he became acquainted with 
the most secret expressions of his unhappy vi(^tims. 



What \m laid of certain natural situations in respect to the concen- 
tration of sound 7 
How is the ear trumpet formed ? 
What is said of Dionysius' ear ? 
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The concaye, spiral, or undulatingy and higUy polish- 
ed interior surface of certain sheUs, fit them to collect 
and return the various sounds which are taking place in 
the vicinity. Hence the Oypria, the Nautilus, and some 
other shells when held near or on the ear give a continu- 
ed roar, which is imagined to resemble that of the distant 
ocean. 

MUSICAL STRINGS. 

The strings of mtmcal instruments are elastic cords, 
which being fixed at both ends, produce sound by vibra- 
ting in the middle. 

The tone of a musical string depends on its thickness 
and tension. A lsu*ge string gives a graver tone than a 
small one, but two strings of different sizes will give the 
same tone by different degrees of tension, provided theit 
disparity of size be not too great. 

A long string of the same thickness will give a graver 
tone than a short one, because the former undergoes 
fewer vibrations in a given time than the latter. The 
acuteness of tone depends on the rapidity of the vibra- 
tions, and hence in those instruments where the strings 
are of the same length, as the violin and bass viol^ the 
deeper tones are given by enlarging the strings, and 
'sometimes by winding them witib metalUc wire, so as to 
prevent the rapidity of their vibrations. 



How do the strings of masical iastraments produce sounds f 
On what does the tone of a musical string depend 7 
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In all stringed instmmeiits, the quality of the sound 
depends in part on the vibration of the instrument itselfl 
Thus on extending the string of a yioMn along a piece 
of solid board, or a bar of iron, the pitch will be the 
sanae as if it were on the instrument, but the kind, or 
quality of the sound will be entirely different. 

WIND INSTRUMENTS. 

In Wind Instruments as the flute, organ and trumpet, 
the sound is given by the vibration of the air, which vi- 
bration is communicated to the instrument itself. In the 
flute, the diflerent notes are given by opening and shut- 
ting small apertures by the fingers, and thus shortening 
or extending the tube ; the pitch or tone, therefore, has 
relation to the length of the tube, just as the tone of a 
musical string has relation to its length. 

In the Organ^ each pipe gives an invariable tone, and 
therefore may be considered as a distinct instrument. In 
good organs several pipes are tuned in unison, so as to 
give volume to each tone. In large instruments of this 
kind, the whole is made up of many hundred pipes of 
all possible sizes, from a foot or more in diameter, to the 
size of a goose quill. The wind from the bellows is 
conveyed to the mouths of these pipes, by means of 
channels, or trenches, which run to every part of the 
organ. 



In the violin, why are some of the strings larger than others ? 
In windinBtramenta what produces the soand ? 



180 NATinMI* PHILOflOPfir. 

MumoM Voiu. Although in ereiy age of the w<^d, 
men hare been constantly employed in attempting to 
bring instruments of music to some degree of peifec- 
tion ; and although thousands of liyes have been spent 
in learning to perform on the yarious instruments which 
hare been invented, yet it is ac^owledged, that after all, 
the human voice, both for sweetness, power, compass, 
and modulation, far excels any instrument that has yet 
been invented. 

These sounds are produced by the vibration of two 
delicate membranes, situated at the top of the windpipe, 
and between which the air from the lungs passes. The 
tones thus produced, are varied from grave to acute, by 
opening or contracting the passage, and are modulated 
by the action of the muscles belonging to the throat, 
tongue, and cheeks. 

The muscles concerned in the production of the hu- 
man voice, like those of other parts of the system, may 
be brought to act in a more definite, and precise manner 
by use, or by continued attempts to produce certain 
effects. In this the ear is the primary organ concerned, 
since it is in imitating certain sounds, that the vocal 
muscles are brought to act in the manner required. 
This discipline of the muscles is called the cultivation of 
the voice. 



What is said of instrumental, when compared with vocal masic 1 

How are the tones of the human voice produced ? 

How may the vocal muscles be brought to act in a definite maimer f 
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It is trae that certain individuals appear to possess tlie 
power of giving compass and modulation to their voices, 
in a degree altogether beyond the reach of others. Thus 
some persons, without the least science, or indeed any 
kind of instruction, are able to produce the most enrap- 
turing tones of voice, and by natural modulations, to 
send forth such strains of music as are seldom heard from 
the most scientific performers. On the contrary, we 
have seen and heard those, who, after years of painfi4 
instruction, both to themselves, and their teachers, could 
not utter a single note, without giving pain to every mu- 
sical ear, and sorrow to every sensitive person who was 
doomed to witness such attempts. Still there is no 
doubt, but by early cultivation, most persons may be 
learned to sing with tolerable effect, and to perform on 
instruments with accuracy. 

Ventriloquism is the name of an art by which certain 
persons can so modify their voices, as to make them ap- 
pear to come from a distance, and thus an individual can 
cany on a oonyeraation. which, to his audience, seenu) to 
be held by two or more persons- 
Traces of this art may be found in the writings of the 
ancients, and it is the opinion of some authors, that the 
responses of the heathen oracles, such as that of Diana 

• 

How 18 the ear concerned in vocal sonnda ? 

la it trae that some persons natnrallj possess greater musical powers 

than others? 
What is meant by yentriloquism ? 
What is said of this art as concerned in the replies of the ancient 

oracles? 
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of EphesuSf were delirered by persons who possessed 
this faculty. 

There is no doubt, at any rate, but many wonderful 
pieces of deception, which in times of ignorance and su- 
perstition were considered as little short of miracles, 
were practised by means of ventriloquism. Thus houses 
have been haunted ; voices heard from the tombs, and 
the dead been made to complain of the injustice of the 
living, to the consternation and dismay of those con- 
cerned, and the marvel of a whole district, by this won- 
derful art. 

How far ventriloquism is dependent on the gift of na- 
ture, or on the natural conformation of the parts con- 
cerned in the voice, we shall not here inquire. It is 
certain, however, that most persons' may with a little 
practice become incipient ventriloquists, that is, they may 
utter sounds and pronounce words without opening the 
lips or moving the muscles of the face, which appears to 
be the prime secret of this art. 

It is difficult indeed to utter the labial articulations, or 
words in which the letters P and B occur, as well as F, 
y, and' M, without opening the lips ; but a little practice 
will show that the last three letters may be very nearly 
sounded without this effect, and hence we may readily 
suppose that by the constant practice of those who make 
this art a trade, the others may be pronounced without 



What appears to>be the chief secret of the art of the veqtrUoqaist ? 
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any motion of the lips which would be apparent to com- 
mon observation. 

Some have supposed that the articulations of the ven- 
triloquist are produced deep in the throat, and, without 
the help of the tongue and other vocal muscles, but this 
appears to be an entire error. The words are pronoun- 
ced hj the organs usually employed for that purpose, but 
in such a manner as to give little or no motion to the lips» 
the organs chiefly concerned being those of the throat 
and tongue. 

The variety of sounds which the human voice is ca- 
pable of producing, is altogether beyond common belief, 
and indeed is truly surprising. Adepts in this art, will 
mimic the voices of all ages and conditions of human 
life, from the smallest infant, to the tremulous voice of 
tottering age, and from the intoxicated foreign beggar, to 
the high bred artificial tones of the fashionable lady. 
Some will also imitate the warbling of the nightingale, 
the loud tones of the whip-o-will, and the scream of the 
peacock, with equal truth and facility. Nor are these 
arts confined to professed imitators, for where is theie a 
village in which boys may not be found, who are in the 
habit of imitating the brawling and spitting of cats, in 
rach a manner as to deceive almost every hearer. 

The human voice is also capable of imitating ahnost 
erery inanimate sound. Thus the turning and occasion- 



•««M 



Are the words of the ventriloquist uttered by the ordinaiy vocal 
mufclef or not t 
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al creaking of a grindfltone, with the rush of the water^ 
the sawing of wood — the trundling and creaking of a 
wheel-barrow— 4he drawing of bottle corks, and the 
gurgling of the flowing liquor — the sound of air rushing 
through a crevice on a wintrj night, and a great varietj 
of other noises of the same kind are imitated b^ die 
voice so exactly as to deceive anj hearer who does not 
know whence they proceed. 

INFLUENCE OF CIRCUMSTANCES ON SOUNDS. 

We shall ejid our chapter on Acoustics by some ob- 
servations on the influence of elevation, andimpediments 
on sounds, and also the influence of day and night <hi the 
same. 

Influence of Elevation. As the traveller rises above 
the limits of life and motion, and enters into the region 
of habitual solitude, the death-like silence which pre- 
vails around him is rendered still more striking hj the * 
diminished density of the air which he breathes* The 
voice of his fellow traveller ceases to be heard even at a 
moderate distance, and sounds which would stun the ear 
at a lower level, make but a feeble impression* The re- 
port of a pistol on the top of Mount Blanc is no loader 
than that of an Indian cracker* 

But while the thinness of the air thus subdues the loud- 
est sounds, the , voice itself undergoes a singular change : 

flow do great elevatioiu inflaence tbe voice and the faeaniig ? 
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the muscular energy hy which we speak, experiences a 
great diminution^ and our powers of utterance, as well 
as of hearing, are thus singularly modified. 

But though the air at the tops of the highest moun- 
tains is scarcely capable of transmitting sounds of ordir 
nary intensity, yet sounds of extraordinary power, force * 
their way through its thinnest volumes down to the 
earth. 

At elevations, where it is calculated the atmosphere is 
three thousand times more rare than that which we 
breathe, the explosions of meteors are heard like the 
sound of cannon on the surface of the earth, and the 
surrounding air is often violently agitated by the sound. 
This fact alone may give us some idea of the tremend- 
ous nature of these meteoric explosions, and at the same 
time make us feel satisfied that they are confined to the 
upper regions of our atmosphere. , ^ 

K such explosions were to happen in the dense atmos- 
phere of the surface of the earth, our habitations, how- 
ever strongly built, as well as our li^es would be in the 

most imminent peril. 

Influence of the Surface of the Earth and the Clouds 
on Sounds. Sounds of known character and intensity, 
are often singularly changed, even on the surface of the 
earth, according to the state of the ground, and the con- 
dition of the clouds. When the ground is naked and 
frozen in the winter, the sound of cannon is heard to a 



What is Mid of the height and inteniity of meteoric explogions? 

13 
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much greater distance than in summeryor when the earth 
is coTered with snow. During our late war with England, 
under such circumstances, the firing of cannon from the 
enemy's fleet off Connecticut, was heard distinctly to 
the distance of sixty miles. 

On extended plains, where there are no solid objects 
capable of reflecting or modifying sound, sportsmen 
sometimes notice the unaccountable variety of sounds 
which are produced by the report of their guns. In 
some instances the sound is flat and prolonged, in others 
it is sharp and short, and sometimes the noise is so sin- 
gular as to be referred to some mistake in loading the 
gun. 

These variations arise entirely from the state of the 
air, and from the nature and proximity of the clouds 
floating in the atmosphere. In pure air, and of uniform 
density, the report is sharp, and instantly ceases, be- 
cause, as there is no obstacle to reflect the sound, the 
waves of the atmosphere, caused by the explosion, follow 
each other without interruption. 

But in a foggy atmosphere, or when vapors produced 
by the heat are floating in it, the sound is dull and pro- 
longed ; and when there are clouds over head, and near, 
a succession of echoes from these produce a reverbera- 
tion from them, after the manner of thunder. 



What condition of the surface of the earth is most favorable to the 
prolongation of son cd? 

How are the variety of soonds attended by the report of a gan ac- 
counted for 7 
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Injluence of Night an Sounds, The uncommon au- 
dibility of sounds during the nighty must hare attracted 
the attention of eveiy one. Some have supposed that 
this difference might be accounted for by the cessation 
of the noises produced bj the Tarious occupations of 
man, especially in the vicinity of populous places. But 
this does not account for the greater audibility of the 
same sound, in the night, than during the day, when it is 
situated at a distance from the residence of human be-' 
ings, as the roaring of cataracts; Baron Humboldt re- 
garded the noise of the great cataract of the Orinoco, as 
being three times louder during the night, than in the 
day time. This fact had been observed by other writers, 
and had been ascribed to the cessation of the humming of 
insects, the singing of birds, and the action of the wind 
on the leaves of the trees. But the Baron maintains 
that this could not be the case in this instance, where 
the buzz of insects is much louder during the night than 
during the day, and where the wind rises only after sun 
set. He was therefore induced to ascribe the phenome- 
non to the more uniform density and transparency of 
the atmosphere during the night, when the temperature 
of the earth and the air was uniformly diffused. During 
the day, when the rays of the sun are beating upon the 



■^wa 



Are the same loands more or less audible daring the night than in 
day? 

What is said of the cataract of Orinoco in this respect 7 

How has the greater audibility of sounds in the night been ex- 
plained 7 

How does Bapon Humboldt account for this &ct7 
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earth, different places become unequally heated, and 
conseqaendy currents of different densities are con- 
fltantlj ascending from the ground. In dry places, or 
over buildings, which become hot from the sun^s rays, 
there are streams of rarified air constantly ascending, 
wh3e over water, or damp places, the air is concentra- 
ted* The effect of a heated body on the air, may be 
observed on a hot sunny day, in the waved, or dancing 
appearances on the roofs of houses, and on the rails of 
fences, and indeed on all bodies which are heated to a 
higher temperature than the surrounding air. A heated 
stove, standing where the sun shines upon it, sends up 
streams of rarified air, which are distinct to the eye. 

In all these cases, rays of light in passing through 
the heated currents, is differently refracted from what it 
is in passing the ordinary atmosphere, and this is the oc- 
casion of the tremulous motion which we observe above 
the heated body ; and if we look at an object through air 
thus thrown into commotion, as over a hot poker, the 
object itself will be indistinct to the sight, and wiU seem 
to partake of the dancing motion of the air. 

Now light and sound follow the same laws in respect 
to reflection and refraction, in their passage through the 
air, and for the same reason that vision becomes indis- 



Under what circumstancefl may the effects of a heated body on the 
air be seen ? 

How are objects changed when seen through air in tremulous mo- 
tion? 

What is said with respect to the laws of reflection and refraction in 
the passage of light and sound ? 



INFLUBNCE OF NIGHT ON SOUNDS. 169 

tinct through currents of differently rarified air, sound 
becomes so. 

These considerations seem satisfactorily to explain the 
fact that sounds which are inaudible when transmitted 
through the disturbed atmosphere of the day, are heard 
distinctly through the still and equally dense air of the 
night. 

The transmission of sound, as weU as of light, during 
a snow storm, is greatly interrupted. Even when the 
storm^ is not attended with wind, the report of a cannon 
can be heard only a mile or two, and that of a pistol, 
only a few rods. This is owing to the same cause as 
that above explained, the different densities of the snow 
flakes and the air, being almost a complete barrier to the 
progress of sound. 

The snow itself, especially when newly fallen, is also 
an obstacle to the progress of sound. But if its surface 
becomes glazed by a fall of freezing rain, the effect is 
the reverse of this,' and sounds are sent along such a 
surface to a much greater distance than on the bare 
ground. , 

Over a surface of smooth ice, a conversation is said 
to have been carried on at the distance of a mile and a 
quarter, and every word distinctly heard. 



What is said of the transmission of sound durinff a snow storm ? 
What effect does newly fallen snow have on the transmission of 

sound 7 
Sopposethe surface of the snow is covered with icCi what if the 

effect? 
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OPTICS. 

Optics is the science which treats of sight or yision, 
and which describes the effects and properties of light. 

The great source of hght is the sun, and it is this light 
which informs us of the existence of things at a distance. 
The blind man is insensible to the presence of most of 
those inanimate objects which he cannot touch. It is 
true that the senses of hearing and smelling may give 
him some idea of the existence and nature of external 
objects ; but of their forms he knows nothing at a dis- 
tance, and of their colors, he can have not the least con- 
ception. The pleasures of existence are therefore in a 
great measure owing to the presence of light, and the 
exercise of vision. 

Sir Isaac Newton supposed that light consisted of ex- 
ceedingly smcdl particles of matter, which proceeding 
constantly from a luminous body, entered the eyes, and 
by their action on the nerves, excited the sensation which 
we call light. 

If light consists of particles of matter, they must be 
minute beyond our conception, otherwise they would 
irritate and blind our sight by the force with which they 

What \% the science called which treats of vision and the properties 

©flight? 
What was Sir Isaac Newton's opinion concerning the nature of 

light 7 
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m 



Fig. 94 



our eyes, for it is proved that light, whatever it 
may be, moves from the sun towards us at the rate of 
more than 10 millions of miles in a minute. 

In order for the pupil to understand this subject, it is 
necessary to explain a few terms, which have a techni- 
cal meaning when applied to optics. 

A Ra^ is a single line of Ught as it proceeds from a 
luminous body. 

A Beam of light consists of 
many rays running in parallel 
lines, fig. 94. The rays of the 
sun are considered as running 
parallel. 

Fig. 95. A Pencil of light is a body of di- 

verging or converging rays, fig. 95. 
f Rays of light are said to diverge, 
when they separate more widely 
as from a to c, and to converge, when they tend to a 
point or focus, as from c to a. 

A Luminous body is one which emits light from its 
own substance, as the sun, or any burning matter. 

TVansparent bodies are such as permit the light to 





At what rate does light moTO ? 
What » a ray of light? 
What is a beam of light ? 
When do rays of light diverge ? 
When do they converge ? 
What is a Inminous bmly ? 
What is a transparent body 1 
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{HUM through them with the least difficulty, as air, water, 
glass. 

Translucent bodies are such as permit onlj a part of 
the light to pass through them, as horn, oiled paper, and 
milk. Objects can be distinctly seen through transpaiv 
ent substances, but not through translucent ones. 

Opake bodies are such as admit no light through them, 
as the metals, leather and wood. 

A Medium is any substance through which light pass- 
es, as air, glass, or water. 



REFRACTION OF U6HT. 

The rays of light, when unobstructed, always pass in 
straight lines. But when these rays fall obliquely on the 
surface of a transparent body of a different density from 
that through which they had before passed, they aro re- 
fracted or bent out of their former straight course. Thus 
when light falls upon a surface of water, or a piece of 
glass, in an oblique direction, these substances being 
more dense than air through which it had before passed, 
the ray does not enter the new medium in a straight line, 
but is bent out of its former course. 



What is a translQcent body? 
What is an opake body T 
What if a modium 1 
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* 

Fig. 96. The maniieF in which rafs of Kghtare < 

refracted, when they enter a denser me- 
dium, is shown hj fig. 96. Suppose the 
medium to be water, and a to be a ray of 
light proceeding from the sun ; then its 
straight course would be towards e ; but 
\^ on entering the water, instead of pro- 
ceeding in that line, it is refracted from o 
to » ; and on passing out of the water it is again refract- 
ed in a contrary direction, after which it proceeds on in 
a straight course as before it entered the water. 

Fig. 97. The refracting power of water is 

shown by the following simple ex- 
^£ periment, which any one may make 

>y in two or three minutes. Place a 

% ^ cent on the bottom of tea-cup, fig. 

V^^^ 97, and place the cup and eye in 
^s^ such a position, that the side of the 
cup will just hide the cent from the sight. Then, keep- 
ing the eye still, let another person pour water into the 
cup, and the cent will graduaUy appear, and become 
distinctly yisible. 

The efifect of the water is to bend the ray of light 
downwards by refraction, as explained by fig. 97, and 
consequently in appearance to reuse the cent upwards so 

Explain fig. 96, and show how a ray of light ia refracted on enteiw 

ing a denser mediam 7 
Explain fig. 97, and show how the refraetion of water may be seen 

by a nmple experiment? 
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as to eome within the range of vision. This will be un- 
dentood, when it is considered diat the object is seen, in 
consequence of the refraction of the ray of light 'whidi 
passes from the cent to the eye, the effect of which is to 
bend it over the side of the cup. 

Every one has observed the dislocated, or broken ap- 
pearance of a rod of wood driven obliquely into the 
bottom of a pond, and rising above the water. This 
appearance is caused by the refraction and bending of 
the ray of light, as it passes out of the water into the air, 
and is explained on the principle illustrated by fig. 97, 
but will be more readily understood by fig. 98. 

Fig. 98. Suppose the rod a to be standing 

obliquely with one half of its length 
below the water, and the other half 
above it Then the eye will see the 
lower end apparently at the point o, 
while the real termination is at », 
the refraction causing an apparent 
shortening of the rod from n to o. The reason why the 
rod appears distorted or broken is, that the refiraction of 
the water gives an oblique direction to the rays coming 
from below its surface, while those from above, come to 
the eye in a straight line. 

This explains the reason why clear deep water near a 
bold shore appears shallower than it really is; for when 

What is the reason that a stick standing obliquely in the water ap- 
pears broken, and shorter than it really is ? 
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stancBn^on the bank and looking obliquely through the 
water, the refraction throws up the bottom in appear- 
ance, and thus deceives those with respect to the depth, 
who are not aware of this circumstance ; and there is 
no doubt but the most disastrous consequences have 
often happened to individuals who have gone into the 
water under this deception. 

Glass, and all other transparent substances, have the 
power of refracting light, as well as water, and it is a 
curious fact that these substances differ among them- 
selves in their refractive powers ; that is, one substance 
has the power of changing the direction of the rajs much 
more than others. Thus glass is more refractive than 
water, and water more than alcohol, &c. 

« 

With respect to the direction in which the light is re- 
fracted, it is found in all cases, that where a ray passes 
out of a rarer into a denser medium, it is bent towards 
a perpendicular line raised from the surface of that me- 
dium, and that when it passes into a rarer medium it is 
refracted ^om the same perpendicul«u*. 

Thus suppose the ray passes from the air into glass, 
and from the glass into water, then in the first case it will 



What is said of the deceptive depth of water owing to its refrao- 

tioD? 
What sabstances have the power of refracting light? 
Do all sabstances refract alike, or have they di&rent powers in this 

respect 7 
When a ra^ of light passes from a rarer into a denser medium, in 

what direction is it refracted 7 
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be reCracted towards the perpendiciflar, because gtast k 
more deiuie than air, and in the second case from the 
perpendicular, because water is less dense than glass. 

Fig. 99. Suppose the medium a, fig. 99, to 

be glass, and h water, then the ray 
^, as it falls on a will be refracted 
towards the perpendicular c; but 
when it enters the water, it will be 
refracted ^om the same perpendicu- 
lar, as shown by the lines in the 
figure. 

It is owing to the refraction of light as it passes 
through glass, cut into different shapes, that we are ena- 
bled to construct instruments for assisting the sight, such 
as spectacles, spy-glasses, and telescopes, and magnify- 
ing glasses. This subject will be explained when we 
come to speak of optical instruments. 

REFLECTION OP LIGHT. 

Light is said to be reflected, when having fallen upon 
a pohshed surface, it is thrown back into the medium 
whence it came. Any polished surface will reflect a 
portion of the light which falls upon it ; but transparent 

If a ray pasies from glasi into water, which way will be the refirao- 

tion? 
How 18 the refraction of licht rendered uaefol to man t 
When is light said to be reflected t 
From what kind of surface is light reflected t 
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flubstances reflect leas than opake ones, because the for- 
mer permit a part of the rays to pass through them. 
Thus water and glass, will return the image of the sun 
or moon when thrown upon them, but such images are 
&r less brilliant, and perfect, than when they are reflect- 
ed from the opake surface of a metallic mirror. 

Experiments on light are made in a darkened room, 
having one of the window shutters perforated with a 
round aperture for the admission of a sun-beam. This 
aperture can be enlarged or diminished by placing over 
it pieces of pasteboard having round holes through them 
of various sizes. 

The direction of the smallest possible ray of the sun, 
when let into a room in this manner, is shown by the 
illuminated particles of dust, which are always seen 
floating in the air, however still the room may be kept. 

A ray of light before reflection is called the incident 
ray, and after reflection the reflected ray. 

When a ray of flight falls on a plane reflector, the 
angle of which it forms with a perpendicular, drawn to 
the surface of the reflector, and the angle of its reflec- 
tion with the same perpendicular, are equal to each 
other. 

■ m ,m !• I I I. I II ,11, I,,, I I , , 

Why do not traiMparent bodies reflect ai much light as opake ones 1 

How mast a room be prepared for experiments on light 7 

What is any of licht called before reflection 7 

What is it called after reflection? 

What IB tha angle of incidence, and what the angle of reflection 7 



1 
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Suppose df, fig. 100, to be the 
reflecting surface, a the incident 
raj- ; 5 the perpendicular, and c 
*^ the reflected raj : then azh will 
be the angle of incidence, and c 
e b the angle of reflection, which 
d two are equal, and the same. Let 
the angle of incidence be what it may, that of reflectiim 
will always be exactly itsequaL 

REFLECTION OF LIGHT FROM PLANE MIRRORS. 

The common Looking-glass is a plane mirror. It 
consists of a plate of white glass ground perfectly level, 
and highly polished on both sides. On one side of this, 
called the hack, there is placed an amalgam of tin and 
quicksilver, which forms the reflecting surface. The 
glass plate, therefore, only serves the purpose of sustain- 
ing the amalgam in its place, and of preventing its tar- 
nishing by excluding the air. Could the metallic sur- 
face be fixed, and were it not liable to tarnish, without 
the glass, these mirrors would be much more perfect than 
they are, since much of the light is dispersed and lost in 
its transmission through the glass, to and from the re- 
flecting surface. 



Are these angles equal or not ? 
What does the looking-glass consist of? 
Of what use is the glass plate in a looking-glass t 
Why would the common looking-glass be more perfect, if the gl 
plate could be dispensed with? 



REFLECTION OF LIGHT FROM PLANE BnRRORS. 



lOd 



When a person stands before a plane mirror, his 
image appears of full size, and just as far behind the 
mirror as he is before it, so that when he steps forward, 
he and his image approach each other, and when he 
withdraws, his image seems to move backward at the 
same rate, and to the same distance. For the same 
reason, the different parts of an object appear to extend 
as far behind the mirror as thej reallj are before it 
Thus if a person before a mirror reach forward his hand 
and touch its surface, his image will seem to do the same 
on the other side, while the image of his body will pre- 
serve the same relation behind the mirror that he really 
does before it. 

A plane mirror will show an image of double its own 
length, so that a person may see the whole of his figure 
in a mirror half as long as himself. 

Fig. 101. This is explained by 

the principle already il- 
lustrated, that the angle 
of incidence is just equal 
to that of reflection. If 
the mirror, being half 
the length of the person, 
fig. 101, be so elevated 
that the ray of light from the eye falls perpendicularly 




How far behind a plane mirror does a person see his own image 1 
Explain fig. 10 1, and show how it is that a person may see his whole 
image in a mirror of half his length t 
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upon it, tiiis ray will be thrown back by reflection in the 
same horizontal line, so that the incident and reflected 
rajs by which the image of the eyes and face are form- 
ed will be nearly parallel ; while the rays flowing firom 
the feet will fall on the mirror obliquely, and will be re- 
flected in the contrary direction, and so of all the other 
rays, by which the image of the diflerent parts of the 
person is formed. 

Thus in the above figure, the rays which form the 
image of the face are reflected at very small angles, 
while those coming from the feet will fall on the mirror 
in a very obUque direction, and will be reflected under 
the same angle to the eye ; and therefore, since the 
image is seen in the direction of the reflected ray, the 
feet of the image will appear in the direction of the line 
a, which is the reflection of the incident ray o, coming 
from the feet The rays of light flowing from all parts 
of the body will of course observe the same law, and 
thus the whole image becomes distinct. 

Fig. 102. If two plane mirrors be placed 

parallel to each other, and an object 
placed between them, a row of images 
will be formed behind each other to an 
indefinite extent. 

' If a person stand between two mir- 
rors, or hold a small mirror behind 
J I his head, when standing before a large 




What curious optical effectis prodaced by pladngaii object bef ween 
two paraUel plane mirrorB 7 
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one, he will see the picture of his face in the large uk^ 
ror, and, bj a double reflection, the back of his head in 
the small one, as represented by fig. 102, which repre* 
seats the two mirrors. Now by standing a little on ^ne 
side, or bj turning the smaU mirror so that the first 

• 

image will not hide the others, he will see a line of 
double images, in the positions here represented, extend- 
ing as far as the eye can reach, but gradually growing 
faint, and indistinct, because a part of the light ia lost at 
each reflection. 

It is in this manner that the Endless Gallery is form- 
ed. This consists of a small box, on two opposite sides 
of which mirrors are placed, and between the mirrors, 
images of men, trees, houses, &c. l^he spectator, on 
looking through a small aperture in the first glass, sees 
these objects repeated in endless succession. 

REFLECTION FROM CONVEX MIRRORS. 

A convex mirror is a part of a globe, or sphere, reflect- 
ing from the outside. Any part of a metallic ball, pol- 
ished oh the external surface, would form a conrex 
mirror. 

The plane mirror as we have seen, reflects an image 
of the size of the object. The convex mirror reflects an 
image smaller than the object The size of the image, 



How is the endless gallery constructed t 
What is a convex mirror 7 

How does the reflected image from a conrez mirror differ from the 
object 7 

14 
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kow6Ter« depends on the degree of c^wvazitf, and the 
difltaiice of the object from the surface. The greater 
die coarexit7,.that ia, the smaller the ball of which the 
mirror is a part, the less will be the image ; and the 
nearer the object is to the surface, the larger ^will b^ the 
image, and so the coii;trary. 

From a plane surface/ the reflected image appears to 
be just as far behind the mirror as the object is before 
it; but from a convex mirror the image appears to be 
nearer the surface than the object. 

Fig. 103. From a plane reflector, paraUel rays 

of light are reflected parallel. Thus 
the two incident rays a, fig. 103, being 
parallel before reflection, are equally so 
afterwards. But the convex mirror, by 
reflecting parallel rays^ renders them 
divergent, or separates them at various cmgles depend- 
ing on its convexity. 

To make this understood let 
1, 2, 3, fig. 104, be paraDel rays 
of light coming from the sun, 
and falling on the surface of a 
convex reflector. The ray 2, 
falling perpendicularly on the 
reflector, is thrown back in the 
line of its incidence, this being always the case where 




Fig. 104. 



% 9 



W 



On what does the size of the image from a convex mirror depend t 
Why is not the ray 2, &£, 104, made divergent by reflection f 
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the incident ray fonas a right angle with the reflecting 
surface. The rajs 1 and 3, being paraDel to this, would 
also, from a plane mirror be iiefleeted in the line of their 
incidence. But the obliquitj of the convex surface 
causes the reflected rays to direi^ in the direction of a 
and 6, thus dispersing the rays, which were parallel be- 
fore reflection. 

Gonyex mirrors, owing to their Ibrm, include a much 
larger field of reflection than plane ones, and hence 
most of the objects in a large room, including the furni- 
ture and company, are represented in miniature by one 
of these glasses, often aflTording an interesting spectacle. 

A convex mirror not only renders parallel rays diver- 
gent, but for the same reason, diverging rays are ren- 
dered still more divergent by reflection from such a sur- 
face. It is owing to this circumstance that the image 
appears nearer the surface than the object. In the plane 
mirror, as we have seen, the image appears as far be- 
hind, as the object is before the reflecting surface, be- 
cause the rays are reflected in the same relative position 
that they fall upon the surface. But it being the proper- 
ty of the convex mirror to render the reflected rays 
more divergent, its effect is, not only to diminish the ap- 
pearance of every reflected object, but also to present 
its image nearer the surface. 

■ « .Nil II. I ■ I ■.-^— ^»i i.p.ii mm I 

Why are not the rays 1 and 3 reflected in the line of their inci« 
dence? 

In the plane mirror why does the image leem as far behind the sur- 
face as the object is before it 7 
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Fig* 10& To illustrate our meaning, let us sup- 

pose that e, fig. 105, is a burning candle 
fiH>in which a pencil of diverging light 
falls upon a convex mirror. These being 
rendered more divergent bj reflection 
meet the eye at a in a wider state of dis- 
persion than they fell upon the mirror. 
Now the image will appear at the point where the di- 
verging rays would converge to a focus in a contrary 
direction, were they continued behind the mirror, and 
not reflected, so that owing to the additional divergence 
firom the mirror to the eye^ the apparent distance of the 
convergence is shortened^ for the greater the dispersion, 
the shorter will be the distance to a focus. The image 
therefore appears at o, being not so far behind the mir- 
ror as the luminous object a is before it 

REFLECTION FROM CONCAVE MIRRORS. 

A concave mirror is a section or part of a sphere, re- 
flecting from the concave, or inside. The form of a 
concave, is precisely that of a convex mirror from which 
it diflers only, in reflecting from the inside. 

We have seen that plane mirrors represent objects of- 
their natural sizes, while convex ones diminish all objects 
by reflection. Now the concave, being exactly the re- 



Show by an explanation of fig. 105 why the itnagiB appears nearer 

the earface than the object. 
What if a concave mirror 7 
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Terse of the convex mirror in form, is found to have a 
contraiy effect on the rays of light, and instead of dimin- 
ishing, to magnify the images of objects. 

The concave mirror collects the rays of light, and 
therefore when applied to parallel rays, it brings them 
to a focus ; when applied to converging rays, it makes 
them more convergent, and when to diverging rays, it 
makes them parallel. 

The/ocus of a concave mirror is the point at which 
the converging rays meet, and cross each other after re- 
flection. In all reflectors of this kind, the focus of par- 
allel rays, or rays coming directly from the sun, is at 
the distance of one fourth the diameter of the sphere, of 
which the mirror is a part. 

Fig. 106. Thus in the circle, fig. 106, 

representing the diameter of a 
sphere of which the concave 
mirror is a part, the focus of 
parallel rays will be at a, in- 
termediate between the centre 
_of the sphere, o, and the cir- 
cumference. This is called 
the principle focus. In con- 
cave mirrors of all dimensions the reflected rays follow 




How does a concave differ from a convex mirror 7 

How does this mirror affect the images of objects ? 

What effect does the concave mirror hare on parallel rays ? 

At what distance from a concave mirror is the focas of parallel rays? 
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the same law, that is, the fi^cus of parallel rays k at die 
distance of half the semi-diameter of the sphere of 
which the mirror is a section* This point is called the 
principal focus of a concave reflector. 

If the incident rajs are divergent, the focus will be re- 
moved to a greater distance from the reflector; — ^if con* 
vergent, the focus will be nearer the surface. 

" One who looks into a concave mirror sees his own 
face varied. When he holds the reflector near his face, 
he sees his image distinct^ because the rajs come to the 
eye diverging (which is their natural state with respect 
to near objects) and enlarged^ because as the rajs di- 
verge less than before, the image is thrown back to a 
greater distance behind the mirror than the object is be- 
fore it, and the magnitude is proportioned to that dis- 
tance. As he withdraws the eje, the image grows larger 
and larger, until the eje reaches the focus. From the 
focus to the centre [of the sphere] no distinct image is 
seen, because the rajs come to the eje converging, a 
condition incompatible with distinct vision. At the 
centre the eje sees onlj its own image, since the image 
is reflected back to the object and coincides with it. 
Bejond the centre, his face will be seen on the other 
side of the centre before the mirror (though habit may 
lead him to refer it to a poiiit behind it ;) and it will be 
diminished^ being nearer to the mirror than the object is, 
and inverted^ because an inverted image is formed when 

If the incident rays are divergent or convergent, how is the focal 
distance affected thereby f 



BEFLKCnON FBOK CONCAVE MIRRORS. 90V 

like rajs are brought to a foeus, and this becomes the 
object which is seen hj the eye. These phenomena 
may all be observed with an ordinary concave shaving 
^ktSB.''— Olmsted's Nat. Phil 

In explanation of the above, it is necessary to state 
that, if an object be placed more remote from a concave 
mirror than the principal focus, then the image will ap- 
pear inverted, on the contrary side of the centre, and 
farther from the mirror than the object. 

Fig. 107. 




Thus if a lamp be placed obliquely before such a 
mimnr as at a, fig. 107, its image will be seen inverted 
in the air at 6, and will appear smaller than the object. 

Jugglers have taken advantage of this property of the 
concave mirror to form an inverted image in the air, and 
at a distance from the mirror itself, in order to perform 
many marvellous, i^d unaccountable exhibitions. If a 



SapppM an object be placed more remote than the focasof a con- 
cave mirror, what will be the appearance of its image 7 

In what manner have jugglers employed the concave mirror to ex- 
hibit wonders to the people 7 
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large mirror of this kind be so placed as to be hid from 
the spectators, the light also and the objects being pro* 
tected from view bj a screen, persons not in the secret, 
wiU readily mistake the image of an^object, for the ob- 
ject itself. And thus there may be exhibited in a room 
a little darkened, soldiers walking with their heads. down- 
wards, vessels of water bottom upwards and inverted 
wine glasses, filled from decanters held under them, the 
wine flowing' upwards instead of in the usual manner. 
Again he may see clusters of delicious fruit within his 
reach, but when invited to partake, and extending his 
hand for that purpose, he finds to his astonishment, that 
they vanish out of his sight. 

Such deceptions, and a great variety of others of the 
same kind, have been exhibited, to the astonishment of 
every beholder who knew nothing of optics. Even the 
soldiers might be made to appear of a gigantic size by 
means of a magnifying glass placed in the proper situa- 
tion. 

The principle on which all these things may be done, 
is illustrated by fig. 107 ; for the mirror and object a 
may be placed in another room, there being an aperture 
in the partition, through which the reflected rays form- 
ing the image b can pass. It will be obvious that these 
images can only be seen in . a single position of the eye, 
and that this must be in the line of the reflected ray. If 
the spectator moves his eye by accident, or otherwise, 
out of this position, the image vanishes, and without 
some particular mark, or direction, He may for some 



REFRACnOlf or U«HT BY LBK8S8. 369 

time try in vain to see the object of his wonder. Thus 
when he moves for the purpose of taking hold of these 
shadows, thej vanish out of his sight. 

If a man place himself directly before a large concave 
mirror, but beyond the focus, he will see an inverted, 
and a diminished image of himself in the air, between 
him and the mirror. And if he hold out his hand to- 
wards the mirror, the hand of his* image will come for- 
ward towards his hand, and he may imagine that he can 
shake hands with his shadow. But if be reach his hand 
further towards the mirror, the hand of the image will 
pass by his hand, and come between it and his body ; 
and if he moves his hand towards either side, the hand 
of his image will move in a contrary direction, so that 
if the object moves one way, the image will move in 
another. 

REFRACTION OF LIGHT BY LENSES. 

We have already shown, that when the light strikes a 
surface of water or glass, in an obhque direction, it is 
bent out of its former straight course, and that this is 
what is meant by the refraction of light. Now if a piece 
of glass be cut into such a shape as to bend all the rays 
of light towards each other, then they would all meet in 
a focus, and the same effect would be produced by re- 
fraction, as we have shown is produced by the reflection 
of the concave mirror. If, on the contrary, the glass be 



Boppoie a piece of glass be cat so as to bend all the rajs of light to- 
wards each other, what woald be formed 7 



310 



hatcaal MULMoratr* 



•o formed, 00 to disperse die n^9 of light, tItiBii the effect 
of die convex mirror would be prcxluced. 

Pieces of glass cnt into such fmins as to produce these 
eiFects, are caUed hnses. The word /eit» comes from 
ientUe^ a small flat bean. 

Lenses are of various forms, of which the canvexy and 
concave^ are the most common and useful. 

A piece of glass, so formed as to collect the rays of 
light into a focus, is called a convex lens, while that 
which disperses the rajs is the concave lens. Thus the 
convex lens produces the same effect on the rays by re- 
fraction, that the concave mirror does by reflection, while 
the concave lens answers to the convex reflector. 

CONVEX LENS. 



Fiof. 108. These lenses are of two kinds, viz: 

the double convex, and the singhj or 
|9/ano-convex lens. The first, repre- 
sented at a, fig. 106, is bounded by 
two convex surfaces opposite to each 
other. The second 6, has a plane sur- 
face on one side, and a convex one on. 
the other. 
The double convex lens is the kind generally employ- 




What are such pieces of glass called 7 

Does the convex lens collector di.4perse the rays of light? 

What is the form of the doable convex lens ? 

What is the forai of the plaao-convez lens 7 
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ed fat magnifying giamef, telescopes, spectades and mi- 
croscopes. The effect of the convex lens is to bring the 
rays of light to a focus, or point, by refraction. 

Fig. 109. The parallel rays, fig. 109, 

striking obliquely on the conrez 
surface of the lens, are bent to- 
wards each other, and form a fo- 
cus at a distance from the lens, 
which depends on its convexity. The greater the con- 
vexity the greater of course will be the obliquity of the 
snrfece presented to the rays of light, and consequently 
the greater will be the refraction, and the nearer to the 
surfiice of the lens will be the focus. 

The focus of a plano- 
convex lens is at the dis- 
tance of the diameter of 
the sphere of which the 
lens is a section. Thus 
if from a globe of glass, 
there be sawn off a part, 
the focus of the plano- 
convex lens thus formed, 
wiU be at the distance of the diameter of the whole globe, 
aa shown by fig. 110. 

The focal distance of the double convex lens, is ex- 
actly one half that of the plano-convex, and consequent- 



Fig. 110. 




At what distance from the lurfaoe of a plano-convex lens ia itg 
foctti7 
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Ij at the centre of the sphere of which the kns is a 
part 

The conTezleBs magnifies, or enlarges the appearance 
of objects seen through it. This it does hj enlarging 
the angle of vision, or the angle under which the rays of 
light meet the eye. 

The visual angle is formed hj the rays of light which 
come from the extremes of any object on which we 
look. 

Fig. 111. Suppose the rays of light coming 

from the extremities of the insect, 
fig. Ill, meet the eye under the acute 
angle represented by the drawing ; the rays thus meet- 
ing would form the visual angle, or the angle under 
which the insect is seen, and under this angle it will ap- 
pear of a certain size, which we wiU suppose to be that 
represented by the figure. Now by increasing the size or 
quantity of this angle, the apparent magnitude of the in- 
sect will be increased, because we judge of the size of 
objects, by the quantity of this angle. Hence if an ob- 
ject be withdrawn from the eye, it appears diminished iu 
size, because the visual angle is decreased, and if it be 
brought near the eye, it appears enlarged for a contrary 
reason. 

The effect of the convex lens, as before stated, is to 

What 18 the focal distance of a double convex lens ? 
In what manner does a convex lens magnify objects se^n through it 1 
When an object is withdrawn from the eje, why doea it aeem di- 
minished T 
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increase the angle of vision, and thus to magnify the ob- 
jects seen through it. 

Fig. 112. The manner in which 

this is done, will be under- 
stood by fig. 112, where 
it will be seen that, with- 
out the lens, the rays 
would have been pro- 
longed, and come to the 
eye under a more acute angle, as represented in the last 
figure. But the refraction of the glass throwing the rays 
towards each other, forms an obtuse visual angle ; and 
as the object appears in the direction of the rays which 
enter the eye, so the insect appears magnified in propor- 
tion to the refracting power of the lens, or the obtuseness 
of the angle under which the rays meet the eye. 

In representing the rays of light, we have only drawn 
lines from the extremities of the objects, but it is under- 
stood that millions of rays proceed from every other part 
of the thing seen, as well as from its extreme parts. To 
draw hues for the purpose of showing the direction of 
these rays, would be worse than useless, as it is already 
understood that they proceed in straight lines from the 
object to the eye. Anything more than outlines, there- 
fore, would tend to confuse, rather than assist the 

learner. 

The convex lens not only concentrates the rays of 
light, but those of heat also, and hence, as it brings to a 
focus the rays of the sun which fall upon its whole sut- 
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face, it is capable ia this manner of produckig degi^es of 
heat in proportion to its diameter. 

The little Dutch burning glass, about an inch and a 
half in diameter, is sufficiently powerful, when the sun 
is clear, to set fire to tobacco, or dry wood. From the 
effects of this we may form some judgment of the high 
degrees of heat, which large burning glasses may be 
capable of producing. 

Perhaps the largest convex lens ever constructed was 
that made by Mr. Parker, of London. This was three 
ffdet in diameter, with a focal distance of three feet niae 
inches, and in order to increase its power, another glass 
was employed, of a foot in diameter, which brought the 
rays of the large one to the smallest focal point. This 
apparatus, when the sun was clear, gave a most intense 
degree of heat, so that the most infusible substances, 
when placed in its focus were almost instantly melted, 
and flowed like oil. 

CONCAVE LENS. 

We have already noticed that the concave lens, like the 
Fig. 113. convex mirror, disperses the rays of Hght, ha- 
ving an effect precisely contrary to that of the 
convex lens. 

The form of this lens is concave, or hollow, 
as represented by fig. 113, which is a double 
convex lens. 




What is said of Mr. Parker's burning glass 7 
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Fig. 114. 




The conTex lens, as shown above, produces its magiii- 
fying effect in consequence of rendering the angle of 
vision more obtuse. The' concave lens, on the contrary, 
by rendering the rajs of light more divergent, diminish- 
es the angle of vision, and thus exhibits objects smaller 
than thej really are. 

Suppose the insect, fig. 
114, to be placed at such a 
distance from the eye as to 
give the rays flowing from it 
such a degree of conver- 
gence as is represented by 
the figure, and suppose that 
the angle of vision is such as 
to give the object the appearance of two inches in length. 
Figb 115. Now on placing the same 

object under a concave lens, it 
will appear diminished, be- 
cause the rays by which it is 
visible are bent outwards, or 
made less convergent, as seen by fig. 115, and conse- 
quently the angle of vision is made more acute, than 
when the object is seen by the naked eye. 

OPTICAL INSTRUMENTS. 

These are instruments which man has invented in va- 
rious ages of the world for the purpose of assisting his 




Wby does the iniect, fig. 114, appear diminished in fig. 115 f 
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natural yision, or for the purpose of presenting optical 
illusions to the curious. The most important of these 
instruments are the microscope and the telescope^ the first 
designed to aid the eye in the inspection of minute ob- 
j<ects, and the second to assist us in the examination of 
distant bodies. 

MICROSCOPE. 

The single microscope is the common magnifying 
glass, or convex lens, which has ab-eady been described. 
The reason why this lens increases the apparent magni* 
tude of objects is not only because it enlarges the angle 
of vision, as shown by fig. 114, but because, by render- 
ing the divergent rays coming from the object, parallel, it 
enables us to bring the object to be examined, nearer to 
the eye. When an object is brought within two or three 
inches of the eye, it becomes indistinct because the di- 
vergence of the rays, prevent any definite image firom 
being formed on the seat of vision. Were it not for this 
difficulty, and could we see things distinctly when within 
an inch of the eye, they would be greatry magnified at 
that distance, and we should be able to distinguish mi- 
nute objects which now require the assistance of a pow- 
erful lens. This defect has a remedy in the use of the 



What are the most important optical instrumenta ? 
What is the use of the microscope ? 
What is the use of the telescope 7 

Whjr does the coovez lens increase the apparent magnitude of ob- 
jects? 
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oonvez lens, for by its refractive power, it bends the too 
divergent rays coming from the object, inwards, and thns 
makes them parallel, so that a distinct image may be 
formed on the seat of vision, when the object is near the 
eye. 

That the indistinctness of vision, when objects are too 
near, is owing to the divergence of the rays, may be pro- 
ved by a very simple experiment. If a printed page be 
placed within two or three inches of the eye, the letters 
will become so blended together as not to be distinctly 
seen. Now if a pin hole be made through a piece of 
dark colored paper, and the letters be examined through 
this, at the distance of about two inches, they will ap- 
pear distinct, and owing to their nearness to the eye con- 
siderably magnified. 

This distinctness is clearly 
owing to the exclusion of the 
oblique rays, which confused 
the picture of the letters on the 
seat of vision, fot if the aper- 
ture be enlarged, the letters will 
become less distinct in propor- 
tion. 

Now the convex lens, by re- 



Fig. 116. 




^ 




Why do objects, when brought too near the eye, become indidtinct T 
How is it shown that imperfect vision, when the object is near the 

eye, is owing to the divergence of the rays T 
Why do the letters appear magnified when seen through a sma]! orifice T 
Why is a near object distinct, when seen through the convex lens 7 

15 
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fiaetiiig die diTergent rajs, causes them to pass to the 
ejre in paraUel lines, as represented at a, fig. 116, while 
without the lens they may be supposed to meet the eje, 
when the pbject is at the same distance, in the dispersed 
state represented at 5, in the same figure. 

COMPOUND MICROSCOPE. 

This is commonly an instrument of much higher mag^ 
nifying power than Ae single microscope. It consists of 
two conyex lenses placed in a tube, hj one of which the 
image of the object is formed, and by the other this 
image is magn^ed ; so that bj this instrument the object 
itself is not seen, as by the single microscope, but only 
its magnified image. 

Fig. 117. 




This arrangement is shown by fig. 117, where a is the 
object placed a little beyond the focus of the eye glass 5, 
by which an inverted, and enlarged image of it is formed 
within the tube of the microscope at c. This image is seen 
through the eye glass d^ by which it is again magnified. 

■ » ^1 l u ll — ^^^IM^M^ 

How many lenses are there in a compound microscope ? 
By this instrument, what is magnified 7 



These glasses are set ia a case of bnus, the object 
glaas being made to take out, bo that othen of difler^ot 
magnifying powers may be used as occasion requires. 

SOLAR MICROSCOPE. 

In this inatrument two convex lenses are employed, 
one of which is called the condenser, because its'use ia to 
concentrate the raja of the sua in order to illuminate as 
strongfy as possible the object to be magnified. The 
other ia a glass of considerable magnifying power, by 
which the image is formed. In addition to the two 
lenses there is a small plaae mirror, or piece of common 
looking-glass, which can be moved in any direction, and 
which reflects the rays of the sun on the condenser. 
Fig. 118. 



The object a, fig. 1 18, being placed nearly in the focus 
of the condenser 6, is strongly illuminated by the rays of 
the sun, which are cast upon the lens by the plane mir- 

In the toUr microacope, hon manT l«niai are iu«d, and nbal im 

the/Cilled! 
Wbtre u ibe object to be magnified, pUcad t 
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ror e. The object to be examined is not placed exactly 
in the focus of the lens, ft, lest it should be destroyed bj 
the heat of the concentrated rays upon it, and because 
the focal point would only illuminate a small proportion 
of the object. But it is placed precisely in the focus of 
the lens e, by which it is magnified. The lines o, repre- 
sent the incident rays of the sun on the plane mirror, 
and by which they are reflected on the condenser. 

The use of the solar microscope requires that the 
room should be darkened, the only light admitted being' 
that which is thrown on the object, by the condenser, 
which light passing through the small lens, gives a mag- 
nified shadow d on the wail of the room, or on a screen. 
The tube of the microscope is passed through an aper- 
ture in the window, the reflector remaining on the out- 
side. 

The solar microscope is not designed for the examin- 
ation of the structure, or minute parts of objects, but 
only to show the outline, or shadow of animalculae, or 
minute insects, on the screen. The form and actions of 
such small animals as inhabit vinegar, water, and other 
fluids, are very strikingly exhibited in this manner. 

MAGIC LANTERN. 

This is an optical instrument, similar in construction 



Where is the shadow of the magnified object seen t 
For what use is the solar microscope desigoed 7 
What is the magic lantern 7 



1M^«IC LANTERN. 821 

to the solar microscope, but instead of the sun, the object 
is illuminated by a candle, and instead of insects the 
shadows of men, of mounted soldiers, of landscapes, 
and of astronomical diagrams are usually exhibited. 
These are painted on glass in transparent colors, so that 
the shadows of the images themselves are projected on a 
screen in various and brilliant colors. 

The apparatus consists of a tin canister generally of 
a cylindrical form, having an aperture at the bottom 
through which the candle is supplied with air, and a 
chimney at top, bent so as to prevent the light .from 

f 

shining into the room. The canister, or lantern, has a 
door in the side for the purpose of introducing the lamp. 
On the side opposite to the door is fixed a large tube, in 
which is placed the magnifying glass, and a little forward 
of the focal distance of this, the picture to be magnified, 
is introduced. For illuminating this, an argand lamp is 
placed near the centre of the lantern, the light of which 
is concentrated on the object by two glasses, the one a 
concave reflector, situated behind the light, and the other 
a plano-convex lens, forward of it. The reflector throws 
the light on the lens, by which it is condensed upon the 
object. 

Fig. 1 19 represents the different parts above described : 
fl, the magnifying lens, 6, the object, which is introdu- 

In what manner are figures represented by the magic lantern 7 
Give a description of the magic lantern. 
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ced through an opeuing in the tube ; c, the condensing 
lens ; e, the concave reflector ; /, the shadow of the ob- 
ject b, thrown on a screen in the darkened room. 

Aa the image of the object is inverted, it is necessary 
that the picture should be placed in an inverted position. 
KALEIDOSCOPE. 
This name comes from three-Greek words, and signi- 
fies, " to see a beautiful form." This instrument was 
invented by Dr. Brewster, of Edinburgh, and patented 
by him in 1814. 

Fig. 120. It consists of two re- 

. fleeting surfaces, or pie- 
ces of looking-glass, pla- 
ced between the eye and 
the objects intended to 
form the picture, as 



What doei the mme kdeidoieop« eigniry 1 
By whom wtu ihia optical iDitrumeni invented 1 
Hon u the ludeidoKope cunttracted 1 
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shown in fig. 130, where €l^ h^ are the two reflecting 
^planes inclined to each other at an angle of 60 degrees, 
or the sixth part of a circle : at the end c are placed the 
<»bjeots, and the eje is stationed at the other end ; these 
two plates are enclosed in a tube usually made of paper, 
and the objects, consisting of pieces of colored glass 
beads, or other highly colored fragments, are loosely 
confined between two circular pieces of common glass, 
tile outer one of which is slightly ground to make the 
light unifi>rm. On looking down the tube through a 
small aperture, and where the ends of the glass plates 
nearly meet, a beautiful circular figure will be seen, ha- 
ting six angles, the reflectors being inclined the sixth 
part of a circle : if inclined the twelfth, or twentieth of a 
-circle, twelve, or twenty angles would be seen. These 
beautiful forms, by turning the tube will be changed, by 
which an almost infinite variety of patterns may be pro- 
duced. 

CAMERA OBSCURA. 

These words signify a darkened chamber^ because the 
room must be darkened in order to observe the effects of 
this instrument 

The most simple camera obscura is made in the fol- 
lowing manner. Let a room be closed in every direc- 
tion, so as entirely to exclude the light. Then form an 



What correspondence is there between the angles at which the re- 
flectors of this iDstrumeDt sre incliMedi and we figures it displajt? 
What does camera obscura signify 7 
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uperture, of about an inch in diameter through one of 
the shtttters, so as to admit a single beam of light, and 
the images of external things, such as trees, houses, and 
persons walking the streets will be seen inyerted on the 
Wall opposite to where the light is admitted, or on a 
screen of white paper, placed before the aperture. 

The images are inverted, because the rajs of light 
proceeding from the extremities of objects must converge 
in order to pass the small aperture, and as light alwajs 
passes in straight lines, the rays must cross each other at 
the poiQt of admission. 

Fig. 121. This will be plain bj fig. 

121, where the pencil of 
light a, coming from, the 
upper extremity of o, rep- 
resents that part at d, while 
the ray from the lower ex- 
tremity, crossing this at 
the aperture in the shutter, 
represents this part at 6. 
If a convex lens of small power, and with a short tube, be 
placed in the aperture of the shutter, the images of things 
will be much more perfect, and the colors more brilliant. 
A more perfect camera obscura, which is portable, 
and which is sometimes employed by painters in order 
to obtain exact delineations of landscapes, is represented 
at fig. 122. 




Why are. the images formed by the camera obscura inverted 7 



There are Bsreral modificatioBs of thia imtniment. 
That here figured is called the reoolemf camera obscure, 
becauie its upper part rerolree for the purpose of taking 
in Injects in all directions. 

Fig. 132. It consists of a box, or small 

' ouscj fig. 123, with a plane re- 
ector, a b, and a convex lens, e b, 
laced at the top. The reflector 
I fixed at an angle of 45 degrees 
ith the horizon, so as to refiect 
le rays of light perpendicularly 
ownwards. The top, including 
le reflector, is made to revolve by 
_ _ oiling a string. 

With respect to the use of this instrument, suppose it 
to be placed a few feet &om the ground in the open air, 
with the mirror, a b, turned towards the west, then the 
rays of light, flowing from the landscape in that direc- 
tion, will strike the mirror in the directioo of the lines o, 
and be reflected through the convex lens, c b, to the table, 
e e, where there will be formed a most perfect and beau- 
tiful miniature picture of the objects towards which th'e 
mirror is turned. Then by making the top rerolve, 
another and another portion of the landscape will pass 
before the eye of the observer, all of which may be seen 
by looking in at k without changing the position. 

Wlui ii the contimctioa of the rerohing camera obtcnra T 
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TELE80OFE« 

The telescope is an optical instrument, designed to 
assist the eje in viewing distant objects. 

These instruments are of two kinds, viz : refracting^ 
and reflecting telescopes. In the first, the image of the 
object is seen through two conyex lenses, with the eye 
directed towards it ; in the second, the image is seen 
with the back towards it, bj reflection from a mirror, or 
bj a double reflection, with the face towards the object 

REFRACTING TELESCOPES. 

The principle of the refracting telescope will be under- 
stood after what we have said concerning the compound 
microscope, for the two instruments difier chiefly in re- 
spect to the place of the object lens, that of the micro- 
scope having a short, while that of the telescope has a 
long focal distance. 

The most simple refracting telescope has two concave 
lenses, one of which is placed at each end of the tube. 
That at the end of the tube which is directed towards the 
object, is called the object glass, and that where the eye 
is applied is called the e^e glass. These two glasses are 

What is the ase of the telescope ? 
What are the two kinds of telescopes ? 
What are the principal differences between the two kinds ? 
How does the refracting telescope differ from the compoiUKi micio- 
■cope 7 



. placed at mch a distance from each other h to hare the 
-feeas of one meet that of ^ other : in odier words, 
their dbtaace apait is the sum of their focal lengths. 

Fig. 128. 




Thus if the focal length of the object glass a, fig. 123» 
be ten inches, and that of the eye glass 5, two inches, 
then the sum of their focal distances will be twelve inch- 
es, at which distance apart the two glasses must be placed. 

In the application of this principle to the design of 
the telescope, suppose the rays of light o o, coming from 
a distant object, as a star, to fall upon the object lens, a, 
in parallel lines, and to be refracted to a focus at c where 
the image of a star will be formed ; this image is then 
magnified by the eye glass, &, and thus the distant object, 
in effect, is brought near the eye. 

For astronomical purposes, two glasses arranged as 
above are all that is necessary ; for although the image 
of the object is thus inverted, still this is a matter of no 
consequence in viewing the stars and other heavenly 



How many glasses has the astronomical telescope, and what dis- 
tance are they placed from each other ? 

In what manner are distant objects brought near the eye by the 
telescope f 
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bodies. But for terrestrial purposes this is manifestly a 
great defect, and therefore those constructed for such 
purposes as ship, or spj-glasses, have two additional 
lenses, hj means of which, the images are made to take 
the same positions as the objects. The common spy- 
glass, therefore, has three eye glasses, and one object 
glass, instead of a single eye and object glass, as in the 
celestial telescope. 

REFLECTING TELESCOPE. 

The main principle of the reflecting telescope, is en- 
tirely different from that of the refracting one. In the 
latter, we have seen that the images of objects are mag- 
nified by the refraction of light as it passes through con- 
Fig. 124. yex lenses. In the for- 
mer, the image is re- 
flected from a concaye 
mirror, which image is 
then seen magnified 
through a powerful con- 
vex lens. 

The principle of the 
reflecting telescope will 
be readily understood by 
fig. 124, where a a, represents a large open tube, at the 




Why is it necessary to have more glasses in the terrestrial, th&n in 

the celestial telescope ? 
How does the reflecting telescope differ from the refracting 7 
Explain the principle of the reflecting telescope as represented by 

fig. 124. 
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bottom of which is fixed a concaye ^ecuhim, or metallic 
reflector, which, from the direction of the reflected rays, 
as seen in the figure, would form a focus at o ; but for 
the purpose pf throwing the rays through an apertdre in 
one side of the tube, the^e is placed at c a small mirror, 
set at such an angle as to form the focus at d^ where, 
therefore, the image of the object will be seen magnified 
by the convex lens e. Without the small reflector, it is 
obvious that the image would be seen at o, where an eye 
lens might be placed, and one reflection saved ; and Ihe 
only difficulty in the way of such an arrangement is, 
that the head of the observer, with a tube of moderate 
size, would intercept a great proportion of the incident 
rays, and thus an imperfect picture of the object would 
be formed. 

This particular form is called the Newtonian telescope^ 
the arrangement being first proposed by Sir Isaac New- 
ton. In the great telescope of Sir 'William Herschel, 
the largest ever constructed, there is no second reflector, 
the great one being so placed as to throw the image on 
one side of the tube, where it is viewed through the eye 
glass. This plan is the most perfect, because none of 
the rays are lost by a second reflection, and where the 
tube is very large, the head of the observer does not per- 
ceptibly interfere with the incident light. 

The reflector of HerschePs grand telescope is 48 inch- 
es in diameter, with a focal distance of 40 feet. The 



How does Herfcbel'f teieicope differ from Newton's ? 
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tube of this instrumenty tlierefore, was four feet in diam- 
eter, and forty feet in length. At the upper end of this, 
the observer stood on a platform erected for the purpose, 
and viewed the images of the heav^j bodies, through a 
lens, with his back towards them. 

The frame of this magnificent telescope has been suf- 
fered to decay and fall down, and the instrument, there- 
fore, is oi course no longer in use. 

There are several other modifications of the reflectiiig 
telescope, but as our object is to convey to the mind of 
the student a knowledge of the principles of the instru- 
ment, rather than its construction, it is needless to de- 
scribe them. 

In comparing the advantages of the refracting and re- 
flecting telescope, it need only be stated, that a refract- 
ing instrument, with a focal length of a thousand feet, if 
it could be used, would not magnify distinctly more thaa 
a thousand times, while a reflector of only nine or ten 
feet focus, and consequently only of this length of tube, 
will fully equal the other in power, and at the same time 
give a much more distinct image. The reflecting tele- 
scope is therefore chiefly employed at the present day for 
all astronomical purposes. The difficulty of pointing 
the reflecting instrument towards the object so as to ob- 
tain its image, or of taking sight with it, is much greater 



Which kind of telescope has the advantage for aatronomksal 

the refracting or reflecting ? 
Why is the refracting always used for terrestrial purposes 7 
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than with the refiractiiig telescope, and hence, for tenes* 
tnal purposes, as in spj-glasses for shifts, the refracting 
kind is still, and probahly must always be employed. 

PRISM. 

The prism is a triangular or three-sided piece of glass, 
8k or eight inches long, and highly polished. 

By means of the prism, it is proted that light is a com- 
pound body, and that each ray, which appears white un- 
der ordinary circumstances, is really composed of seve- 
ral distinct rays of various colors. This discovery was 
made by Sir Jsaac Newton, a philosopher of whom no 
one who ccm understand this book is ignorant. 

In the absence of a soUd glass prism, a tolerable sub- 
stitute may be made by any ingenious boy, in the follow- 
ing manner. 

Fig. 125. 




Obtain three pieces of plate glass, of which looking 
glasses are made, each about six or eight inches long. 



What is the form of an optical prism ? 

In the absence of a solid glass piism, how maj a sabstitute be made f 
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and two or three broad, being of the form of a, fig. 125; 
dien make of wood two * pieces of a triangular form as 
seen, at b, with channels along each edge, for the recep- 
tion of the ends of the glass plates. Having put the 
ends and plates together, the whole is to be made water 
tight by putty, and after being allowed to dry for a day 
or two, by placing it in the sun, it is to be filled with clear 
water through an aperture in one of the ends ; it is then 
ready for use. 

The prism, under any situation, will show the colored 
rays by being placed in the light of the sun, but the ex- 
periment will be much more striking and satisfactory in 
a darkened room, with only a single sun-beam admitted 
through the shutter. 

When such a beam falls upon the prism, the light is 
decomposed, and instead of a single spot of white light, 

Fig. 126. 



bi/diav 



frem-m. ^_. 
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In what manner may the light of the son be decomposed f 
What are the colors into which the prism separates light, and wbat 
are the names of these colors ? 



dwre will be seen on the opposite wal]» a beftttttful fis> 
plaj of colors, including all those which we-so much ad- 
mire in the raiinbow. 

Suppose «, fig. 126, to be a ray of the sun admitted 
through the window shutter, in such a direction as to fall 
on the floor at o, where it would form a round white 
spot : now if the ny be received on the prism, it will be 
refracted, and at the same time decomposed, and separa- 
ted into seven distinct parts, each of which is of a differ^ 
ent color from the other. The names and respective 
places of these colors, are seen on the figure ; and thus 
it is proved that the white li^t of the sun is composed of 
seven distinct and highly colored rajs. These are called 
tiie prismatic colors because thej are shown bj means <^ 
the prism, and the whole is called the solar ^ or prismatic 
spectrum* 

It is a singular and unexpected fact that when these 
seven colors are mixed together, they produce white. 
This may be proved by mixing together seven powders- 
of the colors of the solar spectrum, and in such quanti- 
ties respectively, as are the spaces which each colored 
ray occupies. When such powders are intimately mixed, 
a dull white is the product Perhaps a still more satis- 
&ctory proof that these seven colors form white, when 



What are the priiraatie colon called as a whole ? 
What iff said of forming white by mixing leyen colored powders T 
in what manner is it shown that the colored rays^ when mixed, form 
white light? 

16 
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imked, is to pass the solar spectrum through a conrex 
lens, when it will be found> that the focus thus formed, 
does not differ from that made by the direct rays of the 
sun. 



ELECTRICITY. 



Ekdricity^ as a science, is wholly of modem date, the 
ancients knowing httle more on this subject, than that 
certain bodies would attract each other. 

Definition. — The word Electricity com^s from the 
Greek electron^ which signifies amber, probably because 
this substance was among the first in which electrical 
properties were observed. 

Phenomena of Electricity, — When a jpiece of glass, 
amber, or resin, is rubbed with the dry hand, or with a 
jneoe of woollen cloth, or fur, the substance so rubbed 
being presented to small light bodies, as bits of paper, 
straw, or threads, these bodies will be seen to fly towards 
it, and for a time to adhere to its surface. 

Substances capable of thus attracting others, are called 
ehetriciy and when rubbed, by which they acquire this 
power, are said to be excited. 



What is said to be the great Btore-honse of electricity t 
Whence ii the word Electricity derived 7 
What are the phenomena of electric!^ ? 
What are electricst 
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Substances ineapable oftkis excitation, are ca&ed 
non^electrics. All the metals, and a great Tariety of 
other substances, belong to this class. 

The phncipal electrics are imber, resiUj suiphur^ sedU 
ing'WaXf glass^ the precious stones^ the fur of quadrupedB^ 
baketf wood^ and very dry paper. 

The excited electric, haying attracted the small, dry 
body to its surface, holds it there for a moment only, 
when the force which brought them into contact ceases, 
or operates in a contrary direction, and the light body is 
repelled^ or thrown away from the befqre excited surface. 
* These phenomena constitute the basis of the science 
of Electricity. 

Electroscopes. — ^Various modes haye been devised for 
detecting and exhibiting yery minute quantities of Elec- 
tricity, and the instruments constructed for this purpose, 
are called Electroscopes. 

One of the most simple of these instruments is repre- 
sented by fig. 127. It consists of a light metallic needle. 
Fig. 127. say of copper, tenninated at each 

^ g ftTtrftinity by a small ball made of 

elder-pith, covered with gold leaf, 
and supported horizontally on a 
fine point 

^ A piece of sealing-wax or glass, 
being rubbed, and presented to one 



What are non-electrics 7 

What are electroacopes T 

How is one of the most simple electroscopes constructed T 




9W HATinUL nULOtOPBT. 

of the baDs, unll caiue it to more, either towards, or 
friHiiv the excited bodj. 

Another form of the same iB8triiment« consists of two 
pith balk suspended hj silken strings to a glass han^e, 
fig. 138. The necessitf that ^e handle should be of 
Fig. 128. glass, arises from its being a non- 

conductor, as will be explained 
hereafter. 

Oh presenting an excited elec- 
^^ trie to the balls, thej wiU ap- 

proach it, and when in contact, will adhere to the electrio 
for a moment, after which the balls will both be repelled, 
but will remain in contact with each other. 

If, now, the electric be taken awaj, the baUs will mu- 
Fig. 129. tually repel each other, and 

will remain, for a short time, 
in the position represented by 
fig. 129. But if, while in this 
situation, one of them be 
touched with the finger, or a piece of metal, or with any 
other non-electric, the two balls will instantly attract 
each other, and will again come together, as in the first 
position. 

These experiments prore, first, that when two bodies 
are in different electrical states, that is, when an excited 
electric is presented to the balls in their ordinary state, 




Do bodiei in the same electrical states, attract, or repel each other f 
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tbejmutuanj aUraet each other; and second, that when 
they are in the same electrical states, the two balls hay- 
ing received portions of the electric fluid from tjie excited, 
body, they mutually repel each other ; and third, that 
when two bodies are electrified, and are in a mutual 
etate of repulsion, they again attract each other, by de- 
priving one of them of the electrical fluid, as by touching 
it with the finger. 

If one of the electrified balls be touched by an electric, 
as with a. piece of sealing wax, or glass, instead of with 
the finger, or a piece of metal, the two balls will not be 
effected thereby, but will continue to repel each other as 
before, their electrical states remaining the same. 

Hence we learn, that some bodies, as the finger, and 
the metals, are conductors of electricity, while the elec- 
trics, as glass, and sealing wax, are non-conductors of 
the same. 

In general, it may be stated, that all substances capa- 
ble of electrical excitation, are also non-conductors, 
while non-electrics are conductors. Hence it appears 
that the capability of excitation, and conduction, are in- 
compatible with each olher, and therefore never reside 
in the same substance. 

Insulation. — ^When a body is placed upon a non-con- 
ductor, it is said to be insulated. Thus, when a person 
sits upon a stool with glass legs, or stands on a cake of 

When the balls are in a gtate of repvlnoiit why do they attract eaeh 
other when one ia touched witn the finger ? 
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ftmnf or when a piece of metal w suspended by a sUken 

thread, the eleetric fluid cannot pass from thenii its le- 

Fig. 190. treat being cut off, and prevented 

bj^ the non-conductors. In this 
insulated state, any of the con- 
ductors, as the metals are capable 
of retaining the electrical influ- 
ence, when communicated to them 
by an excited electric, and of ex- 
hibiting electrical phenomena, in 
tlie same manner as the electrics 
themselves. 

Thus, if a metaUic body, as a key, be suspended in 
the mdnner shown by fig. 130, and to the upper part 
there be presented an excited stick of seahng-wax, the 
lower part of the key will attract light bodies, in the same 
manner as though they were presented to the sealing- 
wax itself. This is easily explained ; for the silk thread, 
with which the key is suspended being a non-conductor, 
prevents the escape of the electricity, while the key be- 
ing a conductor, transmits the electrical influence from 
the excited electric, to every part of the surface. 

Conductors. — The principal conductors of electricity, 
are, all the metals, water, the acids, ice, snow, flame. 



How do we learn that some bodies are condacton, and oihera non''^ 

conductors ? 
What is meant by insolation ? 
What are the principal electrical condactorB? 
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Ihing animals and yegetables, smoke, steam, metallic 
salts, and the moist earth. 

ELECTRICAL THEORIES. 

Dr. Franklin's Theory. — ^In order to account satisfac- 
torily for the facts and appearances which Electricity ex- 
hibits, it was supposed by Dr. Franklin, that the earth, 
air, animals, and finally all terrestrial things, were perva- 
ded with the electrical influence, and that friction dis- 
turbed the equal distribution of this fluid, by causing an 
accumulation in one part of the electric, at the expense 
of that which was in the other. Thus, when one end of 
a stick of sealing-wax is excited, that end contains more 
than its ordinary quantity of electricity, while the other 
end contains less. 

If, now, a conductor be brought near the excited body, 
this accumulation is imparted to it, and then the con- 
ductor would have more than its ordinary quantity, while 
the electric would be reduced to the same state it was 
before excitation. The conductor, therefore, becomes in 
what Dr. Franklin called the positive state. 

On the contrary, if the conductor be connected with 
the opposite extremity of the excited electric, and which 
has less than its ordinary quantity, then the conductor 
imparts a portion of its natural quantity to it, ax^d there- 
Explain Dr. Franklin's theory. 
Wnat if the difference between the poaitive and negative statei ? 
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lore, will contain less than ordinarj. This he called ibm 
negative state. 

Thus, according to Dr. Franklin^ all electrical pbe« 
nomena may be accounted for, by merely supposing it to 
be in a greater or less quantity than ordinary. Bodies 
containing a larger quantity than ordinary being phts^ or 
positive ; while those which contain less, are mmus^ or 
negatire. 

Du Fay^s Theory. — Although the plus and minus 
theory would seem to account xeij satisfactorily for most 
of the phenomena which electricity presents, still there 
are certain facts to be mentioned, on which a different 
theory has been founded. Thus, when an excited tube 
of glass is made to touch a pith ball, then that ball will 
first attract, {ind afterwards repel, another pith ball, as 
already stated ; and if a piece of sealing-wax be em- 
ployed instead of the glass, precisely the same phenom* 
ena will be produced. But if a piece of excited glass, 
and another of wax, be made to touch two separate balls, 
they will attract each other, in the same manner as though 
only one ball had been touched with the excited glass, or 
wax ; but will not repel each other, as happens in the 
former case. 

From such phenomena, M. Du Fay concludes, that 
Electricity consists of two distinct fluids, which exist to- 
gether in cdl bodies. These fluids, he supposes, have a 
mutual attraction, but that they are separated by the ex- 
citation of electrics, and when thus separated, and trana- 
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ftrrod to non-electricSy as the pith baQs, thdir mutaal 
attmctioii causes these halls to rush towards each otheiv. 
The two kinds he calls vitreous and resinous electricitj, 
the first heing obtained from glass, and the other fipom 
waXy and other resinous substances. The yitreous an- 
swers to the positiye, and the resinous to the negative 
states of Dr. Franklin. 

Now, Dr. Franklin's theorj is much the most simple 
and easily understood, and as it accounts equally well 
for nearly all electrical phenomena, we shall consider it 
the true theory. 

With respect to any practical, or scientific results, it 
makes no manner of difference which theory is adopted; 
since, if there are two kinds of electricity, their effects 
are precisely similar; nor can they be distinguished from 
the positive, and negative, except by some simple experi- 
ment like that above described. 

ELECTRICAL MACHINES. 

For the purpose of making electrical experiments on 
any considerable scale, machines are employed, by which 
large quantities of the fluid are set in motion. These 
machines are of various forms, but all consist of similar 
parts, namely, — 1st, an electric substance, generally 



Which electrics of the two theories answer to each other ? 

What if said of the simplicity and fTTactical uses of the two theoriesi 

What are the essential parts of an electrical machiae 7 
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gluM, of «onuderaUe nze ; 3d, « rMft(er, by wfaioh tke 
electricity is exoted ; 3d, a prime conductor, whkli e(4- 
leetB uid retBim the electricity ; atid 4tb, machinery, by 
which the body u turned, and experiments made. 

Fonneriy, a cylinder of glass was employed, and 

made to revoWe by a winch for this purpose. But m<»e 

recently, a circular plate of the same substance haa been 

Fig. 131. 



substituted for the cylinder, and which is considered an 
improvement iothe machine. 

This is represented by fig. 131, and consists of a cir- 
cular plate of glass turning on an axis of wood, which 
passes through its centre. 

The plate is rubbed by two cushions, a and b, fixed at 
opposite points of its circumference by means of elastic 
slips of wood, so as to press upon the glass with a force 
which is regulated by means of screws. 
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On the o^osite side are two other eashioBfl, not seen 
m the drawings fixed in the same manner, so that the 
ghuM plate runs between them. 

A brass prime conductor c, supported bj a glass 
standard, is attached to the frame of the machine* Ob 
each side of the standard, and attached to it, are branch- 
es of the sanfe metal, at the ends of which are pointed 
wires, nearly touching the glass plate, and from which 
the electric fluid is collected and conveyed to the con* 
idttctor. 

Mode of Action. — The manner in which this machine 
acts, is readily understood. The friction of the cushions 
against the glass plate produces a transfer of the electric 
fluid from the cushions to the glass, so that while the 
glass becomes positive, the cushions become negative. 
Meantime, the electricity which adheres to the surface 
of the glass, is attracted by the metallic points, and 
transferred to the prime conductor. This.conductor be- 
ing insulated by a glass standard, the electric fluid is ac- 
cumulated m quantities proportioned to the extent of its 
surface. 

The Cushions nm$t communicate with the Earth, ^^ 
Were the whole machine insulated, the quantity of elec- 
tricity obtained, would be only that which resided in the 
enshions, and their wooden connections ; and therefore 



Deteribe the mode in which the electrical macbiDe acts. 
Wb/ is it necessary that the casbions should communicate with the 
earth? 
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would soon be exhausted, and ^e machine would tat 
without effect To prerent this, and give a constant 
supplj to the prime conductor, a communication is made 
hj means of a chain, from the cushions to the earth, 
which is the great reserroir of electricity. 

For this purpose, however, it is only necessary to tlnofW 
the chain on the floor, the communication to the earth 
being continued by ^e beams of the house. 

Distribution of Electricity, — The quantity of electr^ 
city which any given body is capable of receiving, does 
not depend on its weight or bulk, but on the extent of 
its surface. Thus, a thin hollow globe, will retain twice 
as much as though it were solid, provided it has an aper- 
ture to the interior, for in this case the fluid accumulateii 
OIL the inside, as well as on the exterior surface. For 
the same reason, a prime conductor made of pasteboard 
and covered with gold leaf, will receive precisely as mucb 
electricity as if it were made of the solid meteJ. 

This shows that the fluid does not pervade the interior 
of solids, but only attaches itself to their surfaces. 

It being the principles of Electricity, only, which it is 
our intention here to describe, we must refer the pupil to 
other treatises, for the methods of making electrical ex- 
periments. 

Lightning and Electriciti/ the same Agent. — The dis- 
covery of Dr. Franklin, that lightning is nothing more 



What part of a body does electricity occupy T 

Whftt u said of the cjuantity which a hollow ball will contain t 
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tbaii inuuense eleetrical discharges from positire, to 
u^gatiTe clouds through the air, constitutes the chief 
benefit which man has derived from this department of 
knowledge. 

The similarity of lightning to electricity is not to be 
remarked in a fdw appearances only, says Mr. Gavallo, 
but is observable throughout all their numerous effects ; 
and there is not a single phenomenon of the one, which 
may not be imitated by the 6ther. 

Lifirhtninff destroys edifices, animals, and trees^-Liffht- 
ning goe. Lugh the best conductors in its way ; and 
if its passage be obstructed, by electrics, or less perfect 
conductors, it rends, and disperses them in every direct 
tion. Lightning burns combustible bodies ; — ^it n^its 
metals ; and ofien disturbs the polarity of the magnet 
All these effects, on a smaller scale, are produced by 
electricity. 

But independently of the great similarity between the 
effects of lightning and^electricity, what proves their 
identity is, that the m^er of lightning may be actually 
brought down from the clouds by means of insulated 
metallic rods, or electrical kites, and with which any 
known electrical experiments may be performed. 

Protection of Buildings from the Effects of lAght' 
ning, — ^The invention of lAghtning Rodsy naturally fol- 
lowed the discovery of Dr. Franklin. The instrument 



How ii it ihown beyond a doabt, that lightning and oleotricity art 
identical f 
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itself haidlj needs description, it being known to eveiy 
one, tlrat it consists of a metallic rod, reacMng from 
some <ystance aboye the building, to the ground. 

But the circumstances necessary for the due action of 
this instrument, and the consequent safetj of a building, 
are not so obvious, and, indeed, not, in general, suffi- 
ciently understood. For, we shall see, directly, that 
many buildings are furnished with Lightning rods, which, 
in case of a shock from a passing cloud, would afibrd 
them not the least protection, though their inmates con- 
sider themselves perfectly safe, merely because a Light- 
ning rod is attached to their dwelling. 

Copper is a much better conductor of Electricity than 
iron, and, besides, is not so liable to rust, and therefore, 
on every account, is preferable to iron, for the purpose in 
question. 

A Tube preferable to a Solid Rod. — ^As the electric 
fluid occupies the surfaces of bodies only, a tube of 
copper would not only much lessen the expense, but 
would conduct twice the quantity of the fluid, that a 
solid rod of the same size would do, since it would pre- 
sent an interior, as well as an external surface, for the 
electrical current to occupy. 

Safety depends on the Extent of the Surface. — The 
degree of safety will always depend on the extent of the 
conducting surface, for if the quantity of electricity be 



Which is the best conductor, copper or iroiif 
Why would a tube be more effectaal than a rod T 
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di9piroportioned to the surface of the rod, that is, greater 
than the rod can convey to the earth, a portion of it will 
undoubted] J pass through the building. 

Termination of the Uoc^,— The upper termination of 
the rod should consist of several divisions ending in sharp 
points, composed, of some metal which is not liable to 
oxidati(Hi, as silver, gold, or platina. The reason of 
this will be obvious from the fact, already stated, that 
points will draw the electric fluid from the prime conduct- 
or, without a shock. The greater the number of points, 
therefore, the less the danger, since these may deprive 
the cloud of its lightning in silence, while, without them, 
its accumulation would certainly give a shpck. 

LAghtning Rods should not be Painted. — It is quite 
obvious, since electr^ity passes only over the surfaces of 
metallic conductors, and never through their substance, 
that lightning rods should not be painted, oil bemg abso- 
lutely a non-conductor, and tlie oxides of the metals,, 
which give the color, bad conductors of electricity. 

Inferences^ — ^From the above principles, we may draw 
the following conclusions, with respect to Lightning 
Bods. 

Fhti. — ^That'the most perfect Lightning rods to be 
obtained at a moderate expense, are made of copper 



How sliinild the npiper extremity of the rod termiiiata f 

Why should it terminate in points 7 

What is said of painting lightning rods 7 

Why should they not be painted 7 

What are the four inferences drawn from the above principles f 
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tab' 4^'\ ^dtogedier hy screws, and left open, so at to 
col/! ict^n th^ inner, as well as the outer sorface. 

. sb^id, — That the larger the conducting smfkoe, 
the ^I^re perfect the instrument, and the greater the 
safetj. ♦ ' 

Third, — ^That the upper extremity should terminate in 
many points, consisting of some metal which will not 
oxidate. 

Fourth. — ^1 -%t the rod should never be painted. 

Other circumstances to he considered. — So far as the 
conductor itself is concerned, the aboye are the chief 
points which claim attention ; but there are other cir- 
cumstances of equal importance to the safety of the 
building, and the lives of the inmates. 

These are, first, that the rod should be continued, 
without interruption, from the top of the building to the 
ground ; and, second, that it should descend to such a 
depth, as always to be in moist earth. 

Not long since, a church was greatly injured, and 
several lives lost by lightning, because the rod did not 
reach the ground ; it being probably understood by the 
constructor, that lightning, like a bullet, would follow the 
direction first given it, and therefore, that it would be a 
needless expense to continue the rod to the ground. 

But unless the conductor he continued without interrtg^ 
tion from the top of the huUding to the moist earthy or a 



What is said of tfas nninternipted continaation of the rod to tba 
moist earth 7 
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p0»l ofwater^it camnoi he depende4 on a$ , o^^«^9 ' 
though in aU other respects^ it may he quite perftcU y^ixi* 

Water, next to the metals, is among the best conut^. 
ors, while the dij earth is nearlj a Hon-condacto^* 

On the approach of a thunder cloud, therefore, afiet; . 
a long drought, the conducting power of *t)ie rod would 
be greatly increased by wetting the ground through which . 
it passes. 

Perhaps, by such a little piece of attei^jcon, a house, 
or the lives of its inmates, might be sayed. .• 

Projection of the Rod ahove the Building. — ^It was 
formerly belieyed that a single rod, rising a few feel 
above the roof, was a sufficient protection for any build- 
ing of common size. But modem observations, and ac- 
cidents, have proved, that a single rod only protects a 
circle around it, the radius of which is equal to twice its 
height above the building. Thus, if the conductor rises 
10 feet, it will protect a circle whose circumference is 20 
leet from the rod, or 40 feet in diameter. 

The conductor ought therefore, to be erected as near 
the centre of the building as possible, for if stationed at 
one end, as is often the case, it affords only one half the 
protection it is capable of; the opposite end of the build- 
ing, being as much in danger, as though Franklin had 
not made his grand discovery. 



What it the circle which a lightning rod of a given height will pro- 
tect? 

17 
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MAGNETISM. 

Ancient writers infonn us, that the word Magnet comes 
from the name of a shepherd, whOy< walking on Mount 
Ida, found a piece of loadstone^ which had attached it- 
self to the iron heel of his shoe, and that this was the 
first observation made on magnetic attraction. 

Native Magnet — ^The Loadstone, or Native Magnet, 
is a heavy ore of iron, found in various parts of the 
world. 

Its color is a dark brown, or gray, with a metallic 
lu^re. 

Sometimes it is found in the form of crystals, but 
more commonly, in shapeless masses. 

A piece of this substance, as it comes from the earth, 
being suspended by a string, will steadily turn one of its 
sides towards the north. From this simple observation, 
originated the first idea of magnetic polarity, and on this 
principle, is founded one of the most important, and 
useful of human sciences, though, at the present day, 
magnets are made without the aid of the loadstone. 

It was originally supposed, that no metal^ except iron, 
was capable of receiving the magnetic influence, but it 
has since been found, that the two metals, nickel^ and 
cobalt^ may also be converted into magnets. 

What waB the origin of magnetiim ? 

What b the native magnet? 

Is the loadstone used in making magoets at the present day, or not t 
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Definitions, — The poles of a magnet, are the two ex- 
tremities of a magnetized bar, or needle, where the mag- 
netic property appears to be concentrated. These are 
called the norths and south poles of the magnet 

The tendency of a magnet, to assume the north and 
south position, is called its polarity. 

The axis of a magnet, is a straight line, passing from 
one pole to the other. 

The equator of a magnet is the centre of its axis, equi- 
distant from the two poles. 

When a magnet is suspended by the centre, the two 
Fig. 132. poles being of equal weight, it does not 
^ arrange itself horizontally, but inftslines 
^^^^f^'^r"^^ its north pole n downwards, while the 
I south, 5, rises abote the horizon ; this 

l[ is called the dip^ or indincUion of the 

d^ needle, fig. 132. This increases as the 
same needle is carried north, and diminishes as we ap- 
proach the equator. 



What inetaki are capable of magnetiam? 

What are the poles of a magnet 1 

What is meant by polarity T 

What is the axis of amagnet ? 

What is the eqaator of a magnet ? 

What is meant by the dip, or inclination of the needle ? 

Where is the dip increased or diminiihed 7 
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MAGNETIC ATTRACTION. 

If either pole of a magnet be made to approach a steel 
needle, or small particles of iroB, these will be attracted 
towards it, and will adhere to its surface, so that when 
the magnet is removed, thej will be suspended, and 
earned away with it. 

Fig. 133. In this manner, scattered iron filings will be 
collected, and will adhere to the magnet, and to 
each other, as represented by fig. 133. The 
power of magnetic attraction is capable of being 
conveyed to a short distance through the air, 
from a magnet to a piece of iron, so that the 
iron while near the magnet will attract other 
iron. 

Fig. 134. Thus if a key, fig. 134, for in- 

Jl ^ ^^^^^ stance, be held horizontally near a 

Y^^vJ ^^■■i^ strong magnet, but not touching it, 

I an4 if in this position, another small 

piece of iron, as a little nail^ be applied to the other end 

of the key, the nail will be suspended from the key, and 

will remain there, until the magnet is withdrawn. 



How is it shown that magnetiBin may be conveyed a ihort distaneo 
through the air ? 




ATTRACTION AND lifiPtLSION. 253 

Fig. 135. In this manner, a ve^ powerful magnet will 
convey its influetice through several pieces of 
iron, so that they will be suspended in contact 
with each other, the first only touching the mag- 
net. This disposition is represented by fig 135, 
where to the pole of the suspended magnet there 
is attached a k^y, and to this a smaller key, and 
to the small key a little nail. The poWer of the 
magnet suspending iron iii this manner, is con- 
stantly increasing to a certain limit, it being able 
to suspend a few graitis more to-day than it would 
bear yesterdiay, and so on for many days. 



ATTRACTION AND REPULSION. 

The leading properties ofMagnetism are very simple, 
and easily understood. When the north pole of one 
magnet is presented to the south pole of another, they 
attract each other. This is called magnetic attraction, 
Wh^n the two norths or two south poles are brought near 
each other, a mutual recession takes place, and this is 
eidtod nuignetic repulsion. These facts are the founda- 
ticm of all the varied and complex experiments, which 
philosophers detail on this subject. 

— ■■■* I a^— ^p» ■ ■! i^^»^.i^i— ^w ■ ■■ I ■ I ■■ ■■■■» ■ ^Pii^^— ^P^— ^l^MH 

Explain what is meant by magnetie attractiOD and repaltion. 

17* 
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Magnetic Induction. — ^When a bar of Boft unmagnei- 

ized iron is placed near a strong magnet, and in a line 

Fig. 136. with it, from north to south, 

t fig. 136, the soft iron receives 
the magnetic influence, by 



~r: 



what is termed induction^ that 
I is, without contact, and be- 
^^ comes itself a magnet, capable 
of attracting iron filings, and exhibiting polarity. Wken 
this is suspended on a pivot, its polarity will be found to 
correspond with that from which it was induced ; that is, 
the north pole a, will produce the corresponding north 
pole 5. Hence we see, that each pole of the magnet in- 
duces the opposite polarity in that end of the iron which 
is nearest it. Thus, had a been the south pole, instead 
of the north, h would have been south also. 

Inductive polarity is not permanent, but ceases entire- 
ly on removing the piece of iron from the vicinity of the 
magnet. Thus when a is removed, h no longer points 
to the north. 

ARTIFICIAL MAGNETS. 

A red heat entirely destroys the polaii^ of a magnet^ 
and hence the native magnet, when melted and forged, 
loses all its peculiar properties. Besides, the loadstone 

What ifl meant by mafnetism by induction 1 

What effect does heat have on the polarity of a magnet T 
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never occurs in a form which is required for useful pur- 
poses. 

It is true, that the native magnet may serve to commu- 
nicate its properties to iron, and thus perpetuate its 
powers for useful purposes. But this method, which 
was at first employed, has long since heen superseded 
hy the construction of artificial, without the least aid 

Magnetism hy Percussion. — ^For the construction of 
artificial magnets, various means have been proposed 
and employed, and among which, percussion is one of 
the most simple and efficacious. 

This method is founded on the fact long since known, 
that on holding a bar of common iron in a vertical posi- 
tion, and giving it a few smart blows with a hammer on 
the upper end, that it becomes a magnet, and will attract 
iron, though only in a slight degree. 

By placing the bar to be thus magnetized by the side 
of another bar of iron, in the same position, the effect of 
the percussion is greatly increased. 

By such means, together with some peculiar manage- 
ment, which it is needless here to detail, bars of iron at 
length become fiilly magnetized. 

When the manufacturer has thus prepared a number 
of bars, he is in possession of a powerful, and ready 

flow 11 magnotiim produced by pereoMion f 
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means, by which other mdgn^ts may be produced with 
little trouble, and in a short time. 

Cmutructian cf Magnetic NeedUi. — ^Wheh the opera- 
tor is in possession of a number oi magnetic bars, mag- 
nets of fiill power may be constructed in the following 
mdnnen 

First, lay two steel bars, about six inches in length, 
half an inch wide, and the eighth of an inch in thick- 
ness, in a horizontal position, and connect their two ends 
by means of two shorter bars of soft iron, a, 6, fig. 137* 

Fig. 137. 




Then taking two bundles of magnetic bars, with their 
poles in the same direction^ as shown in the figure, begin 
the process as follows : Bring the north' pole it, of one 
bundle, and the south pole 5, of the two respective bun- 
dles together, oyer the middle of the horizcmtal steel bar, 
giving them such an inclination as is seen in the figure. 
Then separating from each other, make them slide on 
the steel bar to each extremity, and repeat the operation 
many times on each side of the long bars severally. 
The steel bars, by this process, will finally become 
strongly magnetized, the marked ends of each forming 
the north pole. 
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The lue of the ctoib bara of soft iron is to retain the 
magnetism in the steel <Hie8, orprerent its escape during 
the operation. 

THE COMPASS. 

The Compasi, is a general name for instruments de- 
signed to indicate the magnetic meridiEin. Of these, the 
most important are the Mariner's Compass, and the 
Load, or Surveyor's Compass. In these instruments, 
the magnedzed steel, whatever its shape ma; be, is called 
the needle. 

In the Land Compass, the needle is usually a smaU 
bar, six or eight inches long, with the north pole termina- 
ted by barbs, and suspended on a pivot, the points of 
compass being engraved on a plate of metal beneath. 

In the Mariner's Compass, the needle is fixed to a 
round card, the circumference of which is divided into 
degrees, while an inner circle, described upon it, is mark- 
ed with the 32 points of compass. ' 

The &ae of a Mariner's Compass u represented by 
Fig. 138. 
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%• 138, with 16 of the 33 pomts of compass, iparked 
upon it* These points need no description. The round 
box containing the needle, and covered hj a card, is sus- 
pended by means of two rings, or circles, cahed gimbids. 
These cross each other, and are so attached to the larger 
square box, as to allow the card and inner box to move 
in all directions, so that the needle and csu'd retain their 
horizontal position notwithstanding the motion of the 
ship. 

The importance of the Mariner's Compass, to the 
commerce of th^ world, is so great, that without it, the 
commodities of distant nations would cease to be trans- 
ported, while by its use, the widest oceans are crossed 
in safety, and the productions of all. climates are ex- 
chanfi^ed» 
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